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Purpose: To facilitate the implementation/validation of signal representations and models us-
ing parametric matrix-variate distributions to approximate the diffusion tensor distribution (DTD)
P(D).
Theory: We establish practical mathematical tools, the matrix moments of the DTD, enabling to
compute the mean diffusion tensor and covariance tensor associated with any parametric matrix-
variate DTD whose moment-generating function is known. As a proof of concept, we apply these
tools to the non-central matrix-variate Gamma (nc-mv-Gamma) distribution, whose covariance ten-
sor was so far unknown, and design a new signal representation capturing intra-voxel heterogeneity
via a single nc-mv-Gamma distribution: the matrix-variate Gamma approximation.
Methods: Furthering this proof of concept, we evaluate the matrix-variate Gamma approximation
in silico and in vivo, in a human-brain ‘tensor-valued’ diffusion MRI dataset.
Results: The matrix-variate Gamma approximation fails to capture the heterogeneity arising from
orientation dispersion and from simultaneous variances in the trace (size) and anisotropy (shape)
of the underlying diffusion tensors, which is explained by the structure of the covariance tensor
associated with the nc-mv-Gamma distribution.
Conclusion: The matrix moments promote a more widespread use of matrix-variate distributions
as plausible approximations of the DTD by alleviating their intractability, thereby facilitating the
design/validation of matrix-variate microstructural techniques.
I. INTRODUCTION
Diffusion MRI (dMRI), which captures the transla-
tional motion of water molecules diffusing in biological
tissue,1–6 has provided critical sensitivity to tissue mi-
crostructure in vivo. Nevertheless, microstructural dMRI
studies have been impeded by the lack of specificity of the
measured diffusion signal, which is only sensitive to the
voxel-averaged diffusion profile. Given that typical cubic-
millimeter dMRI voxels comprise multiple cell types and
the extra-cellular space,7–11 the dMRI signal probes a
collection of microscopic diffusion profiles over a specific
observational time-scale that depends on the choice of
experimental time parameters. A common description12
of the interplay between the voxel content and the mea-
sured dMRI signal S, dubbed the "diffusion tensor distri-
bution" (DTD) description, is attained by considering a
‘snapshot’ of the combined non-Gaussian diffusion effects
of restriction13 and exchange14,15 at this given observa-
tional time-scale, and by approximating the signal decay
as a continuous weighted sum of exponential decays,16–35
yielding
S(b)
S0 =
∫
Sym+(3)
P(D) exp(−b : D) dD = 〈exp(−b : D)〉 ,
(1)
where b is the symmetric diffusion-encoding b-tensor
from tensor-valued diffusion encoding,28,36–40 S0 =
S(b = 0) is the non diffusion-weighted signal, and P(D)
is the intra-voxel distribution of apparent diffusion ten-
sors D. While Sym+(3) denotes the space of real sym-
metric positive definite 3×3 tensors, ":" is the Frobenius
inner product, and 〈 · 〉 corresponds to the voxel-scale av-
erage, i.e. the average computed over the voxel content.
The validity of the DTD description is discussed in Ap-
pendix A.
Even within the convenient description formulated
in Equation 1, it remains a challenge to either es-
timate the distribution P(D) as a whole or to esti-
mate its main features, also called "statistical descrip-
tors".41 While non-parametric techniques have been de-
veloped to retrieve the entire DTD from dMRI data,
such as the marginal distributions constrained optimiza-
tion (MADCO),42–44 multidimensional correlation spec-
troscopic imaging,45,46 and Monte-Carlo signal inver-
sions,47–50 an alternative approach consists in approxi-
mating P(D) with a plausible parametric functional form
whose parameters can be fitted against the acquired sig-
nal. This parametric approach encompasses diffusion
tensor imaging (DTI),3 signal representations based on
normal,18,51–54 log-normal55,56 and Gamma56–58 distri-
butions of diffusivities, models25,31,34,59–62 and higher-
than-second-order truncated cumulant expansions.63,64
In particular, two-term cumulant expansions of the low
b-value diffusion signal are equivalent to considering a
normal distribution of diffusivities, as detailed in previ-
ous work.18 The parametric approach has been extended
to distributions of diffusion tensors in three ways:
• as mixtures of Wishart distributions65–67 used
to capture the intra-voxel orientation distribution
function in a spherical deconvolution approach,68,69
as found in Ref. 12.
• as voxel-scale matrix-variate Gaussian (mv-
Gaussian) distributions65–67 within the original
work of Refs. 70 and 71 and the covariance tensor
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2approximation of Ref. 28, describing two-term
cumulant expansions of the DTD.
• as compartmental non-central matrix-variate
Gamma (nc-mv-Gamma) distributions66 within
the distribution of anisotropic microstructural
environments in diffusion-compartment imaging
(DIAMOND) model,29,30,72 wherein each sub-
voxel anisotropic compartment is described by a
nc-mv-Gamma distribution.
The adjective "matrix-variate" refers to functions of ma-
trix argument. On the one hand, while spherical de-
convolution68,69 relies on a pre-specified convolution ker-
nel that may disagree with the underlying microstruc-
ture,73,74 the mv-Gaussian distribution allows for un-
physical negative definite diffusion tensors and has been
shown to exhibit biases when estimating the DTD’s sta-
tistical descriptors for certain tissue configurations.41 It
is worth mentioning that recent work has aimed to limit
this distribution to the space of positive semidefinite ten-
sors.75 On the other hand, the nc-mv-Gamma distribu-
tion is by definition restricted to the space of positive
definite tensors. However, it appears to be intractable
for defining statistical descriptors straightforwardly com-
parable to those obtained by other non-parametric or
parametric techniques, unlike the mv-Gaussian distri-
bution.28,75 This lack of tractability, inherent to most
matrix-variate distributions (except for the mv-Gaussian
distribution), hinders the cross-validation of current sig-
nal representations/models relying on such mathematical
objects,29,30,72 and impedes the design of novel matrix-
variate parametric techniques.
In this work, we derive general tools facilitating the
implementation and validation of any parametric matrix-
variate functional choice for P(D): the matrix moments
of the diffusion tensor distribution. These matrix mo-
ments enable the computation of the mean diffusion ten-
sor and covariance tensor associated with a given para-
metric approximation of P(D), from which common sta-
tistical descriptors of the DTD can be estimated. In turn,
these descriptors can be used to assess the limitations of
the parametric approximation, and to compare it with
other techniques on the basis of estimating identical sets
of statistical descriptors. As a proof of concept, we apply
these matrix moments to the non-central matrix-variate
Gamma distribution, thereby developing a new signal
representation wherein the voxel content is described by a
single nc-mv-Gamma DTD: the "matrix-variate Gamma
approximation". In addition, the definitions of the statis-
tical descriptors within this approximation can be used in
the aforementioned DIAMOND model to quantify fiber-
specific diffusion features in a way that is comparable to
other fiber-specific methods.59,60,76 Finally, we evaluate
this approximation in vivo and in silico. Note that while
the matrix moments of matrix-variate distributions were
already introduced and computed for the mv-Gaussian
and Wishart distributions in Ref. 77, the present work
applies them for the first time to the dMRI field and the
nc-mv-Gamma distribution.
In Section II, we first detail the mathematical steps
leading to the formulation of the matrix moments in
Section II B 3, and then apply these tools to the nc-
mv-Gamma distribution in Section IIC 1 before estab-
lishing the matrix-variate Gamma approximation in Sec-
tion IIC 2. In Section III, we review the methods used for
the in vivo and in silico evaluations of this approxima-
tion, and for its in silico comparison with the covariance
tensor approximation of Ref. 28. We present our results
in Section IV, discuss them in Section V, and conclude
in Section VI.
II. THEORY
A. Estimating statistical descriptors from the
mean diffusion tensor and the covariance tensor
Parametrizing a given axisymmetric diffusion tensor
D by its axial diffusivity D‖, radial diffusivity D⊥ and
orientation (θ, φ), one defines the isotropic diffusivity
Diso = (D‖ + 2D⊥)/3, normalized anisotropy D∆ =
(D‖ − D⊥)/(3Diso) ∈ [−0.5, 1] and anisotropic diffusiv-
ity Daniso = DisoD∆ = (D‖ − D⊥)/3.78 Within this
parametrization, common statistical descriptors of the
DTD are given by the mean diffusivity E[Diso], the
variance of isotropic diffusivities V[Diso] and the mean
squared anisotropic diffusivity E[D2aniso]. The mean
squared anisotropic diffusivity can also be normalized
as the normalized mean squared anisotropy E˜[D2aniso] =
E[D2aniso]/E[Daniso]
2. We retained the notations E[ · ] for
the voxel-scale expectation and V[ · ] for the voxel-scale
variance to be consistent with previous works.41,48–50,76
These descriptors can be related to other measures de-
rived in the dMRI-microstructure literature. E[Diso] is
identical to the mean diffusivity (MD). E˜[D2aniso] carries
similar information to the microscopic anisotropy index
(MA),79 the fractional eccentricity (FE),80 the micro-
scopic anisotropy (µA),81,82 the normalized difference be-
tween second moments ∆µ˜2 and microscopic fractional
anisotropy (µFA),58,81 the anisotropic variance VA and
anisotropic mean kurtosis (MKA),83,84 and the micro-
scopic anisotropy Cµ.28 V[Diso] yields similar information
to the isotropic second moment µiso2 ,58 the isotropic vari-
ance VI and isotropic mean kurtosis (MKI),83,84 and the
normalized isotropic variance CMD.28
The work of Ref. 28 establishes how to compute sta-
tistical descriptors of the DTD P(D) from its mean dif-
fusion tensor 〈D〉 and covariance tensor C = 〈D⊗2〉 −
〈D〉⊗2. "⊗" denotes the outer tensor product, with the
short-hand notation D⊗2 = D⊗D. Let us introduce the
Mandel notation in which a 3 × 3 symmetric tensor Λ
3writes as an equivalent 6× 1 column vector following85
Λ =
λ11 λ12 λ13· λ22 λ23
· · λ33

≡ (λ11 λ22 λ33 √2λ23 √2λ13 √2λ12)T
= ΛMandel , (2)
where "T" indicates vector/matrix transposition. In
Mandel notation, the 9×9 outer tensor product Λ1⊗Λ2
of two 3 × 3 symmetric tensors is equivalent to a 6 × 6
tensor according to
Λ1 ⊗Λ2 ≡ Λ1,Mandel ·ΛT2,Mandel , (3)
where "·" is the standard vector/matrix multiplication.
We now omit the equivalent sign "≡". Following Ref. 28,
one defines Eiso = I3/3 and Eiso = I6/3 (with the n× n
identity matrix In), and builds the bulk and shear mod-
ulus tensors
Ebulk = E⊗2iso =
1
9

1 1 1 0 0 0
1 1 1 0 0 0
1 1 1 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
 , (4)
Eshear = Eiso − Ebulk = 1
9

2 −1 −1 0 0 0
−1 2 −1 0 0 0
−1 −1 2 0 0 0
0 0 0 3 0 0
0 0 0 0 3 0
0 0 0 0 0 3
 (5)
by analogy with the stress tensor in mechanics. From
these tensors, one obtains the aforementioned statistical
descriptors as
E[Diso] = 〈D〉 : Eiso,
V[Diso] = C : Ebulk, (6)
E[D2aniso] =
(C+ 〈D〉⊗2) : Eshear
2
=
〈D⊗2〉 : Eshear
2
,
among other statistical descriptors that also depend on
〈D〉 and C.28,75
B. Matrix moments of the diffusion tensor
distribution
1. Moment-generating function
Moment-generating functions of scalar distributions
are commonly used to access the moments of these distri-
butions. In the case of a scalar distribution of diffusivities
P(D), its moment-generating function reads
M(z) =
∫ +∞
0
P(D) exp(zD) dD = 〈exp(zD)〉 , (7)
with z ∈ R so that M(z) converges, and the average
〈 · 〉 taken over P(D). While the characteristic function
ϕ(z) =M(iz) is properly defined for all z ∈ R (because
it corresponds to the integral of a bounded function on a
space of finite measure), the convergence of Equation 7
may be limited to certain ranges of values for z. The
link between the moment-generating functionM(z) and
the raw moments mn of P(D), with n ∈ N, is manifest
upon Taylor-expanding the exponential in Equation 7
and computing the derivatives ofM(z):
mn = 〈Dn〉 = d
nM(z)
dzn
∣∣∣∣
z=0
. (8)
In particular, m0 = 1, m1 = 〈D〉 and m2 = 〈D2〉, so that
the variance of diffusivities in P(D) is given bym2−m21 =
〈D2〉 − 〈D〉2.
For a diffusion tensor distribution P(D), its matrix-
variate moment-generating functionM(Z) is defined as66
M(Z) =
∫
Sym+(3)
P(D) exp(Z : D) dD = 〈exp(Z : D)〉
(9)
for Z ∈ Sym(3) such that M(Z) converges, Sym(3) be-
ing the space of real symmetric 3× 3 tensors. Note that
in the mathematics literature, the Frobenius inner prod-
uct ":" is usually denoted by its trace definition, i.e.
Z : D = Tr(ZT ·D), equivalent to Tr(Z ·D) by symmetry
of Z. It is clear from Equations 1 and 9 that the dMRI
signal associated with any parametric approximation of
P(D) can be obtained via its moment-generating func-
tion M(z) (available in various matrix-variate statistics
books65–67) as72
S(b)
S0 =M(−b) . (10)
By analogy with the link between the derivatives of the
moment-generating function Equation 7 and the scalar
moments Equation 8 of any scalar distribution, we show
in Section II B 3 that the first-order and second-order ma-
trix derivatives of M(Z) are linked to the matrix mo-
ments 〈D〉 and 〈D⊗2〉.77
2. Matrix calculus and layout convention
Let us introduce a p × q matrix X of matrix ele-
ments (xij)1≤i≤p,1≤j≤q. In numerator layout conven-
tion,86 the first-order matrix derivative of a scalar-valued
matrix-variate function g of X with respect to X is given
by77,87–94
∂g
∂X
=

∂g
∂x11
∂g
∂x12
· · · ∂g∂x1q
∂g
∂x21
∂g
∂x22
· · · ∂g∂x2q
...
...
. . .
...
∂g
∂xp1
∂g
∂xp2
· · · ∂g∂xpq
 . (11)
4In order to compute first-order matrix derivatives, one
can refer to the resources found in Refs. 95 and 96,
primarily designed for neural networks in the machine-
learning field. However, these references use a mixed
layout convention that is equivalent to taking the trans-
pose of Equation 11 as result for ∂g/∂X (denominator
layout convention).86 Given that this present work will
use the numerator layout convention, the results yielded
by Refs. 95 and 96 for ∂g/∂X have to be transposed to
match our problem at hand.
As for the second-order matrix derivative of g with re-
spect to X, ∂2g/∂X2, it yields a fourth-order tensor for
which no general notation convention is widely agreed
upon.77,86 Nonetheless, matrix-calculus rules do exist to
compute it.77,97 In particular, one can use the scalar
product rule97
∂[f(X)× F(X)]
∂X
=
∂f
∂X
⊗ F(X) + f(X)× ∂F
∂X
, (12)
where f is a scalar-valued matrix-variate function of X
and F is a matrix-valued matrix-variate function of X,
to compute the second-order matrix derivative of g with
respect to X given that its first-order derivative can be
rewritten as ∂g/∂X = f(X) × F(X). "×" denotes the
scalar multiplication, used to render certain equations
unambiguous.
3. Matrix moments, mean diffusion tensor and covariance tensor
Using the aforementioned relationship Z : D = Tr(Z · D) and common matrix-calculus rules,77,97 the first-order
matrix derivative of the moment-generating functionM(Z) in Equation 9 writes
∂M
∂Z
=
∂ 〈exp[Tr(Z ·D)]〉
∂Z
=
〈
∂ exp[Tr(Z ·D)]
∂Z
〉
= 〈exp[Tr(Z ·D)]×D〉 , (13)
so that the mean diffusion tensor of P(D) is given by
〈D〉 = ∂M
∂Z
∣∣∣∣
Z=0
. (14)
As for the second-order matrix derivative of M(Z), one can combine the scalar product rule of Equation 12 and
Equation 13, to obtain
∂2M
∂Z2
=
∂
∂Z
∂M
∂Z
=
〈
∂[exp[Tr(Z ·D)]×D]
∂Z
〉
=
〈[
∂ exp[Tr(Z ·D)]
∂Z
]
︸ ︷︷ ︸
exp[Tr(Z·D)]×D
⊗D + exp[Tr(Z ·D)]× ∂D
∂Z︸︷︷︸
0
〉
, (15)
giving
∂2M
∂Z2
= 〈exp[Tr(Z ·D)]×D⊗D〉 , (16)
so that
〈D⊗2〉 = ∂
2M
∂Z2
∣∣∣∣
Z=0
. (17)
Consequently, the covariance tensor of P(D) writes
C = 〈D⊗2〉 − 〈D〉⊗2 = ∂
2M
∂Z2
∣∣∣∣
Z=0
− ∂M
∂Z
∣∣∣∣⊗2
Z=0
. (18)
Notice the resemblance between Equations 14 and 17, and Equation 8. Similar expressions of Equations 14 and 17 can
be found in Ref. 77, computed for the mv-Gaussian and Wishart distributions in particular, and are here applied for
the first time in the dMRI field. The formulations Equations 14 and 18 for 〈D〉 and C are validated in Appendix B on
the mv-Gaussian distribution featured in Refs. 28, 70, and 71. We emphasize that these equations enable the direct
computation of the statistical descriptors in Section IIA according to Equation 6 for any parametric approximation
of P(D) whose moment-generating function is known.
5C. Application to the non-central matrix-variate Gamma distribution
1. Matrix moments of the non-central matrix-variate Gamma distribution
The idea of describing the diffusion profile of anisotropic diffusion compartments via a matrix-variate Gamma
distribution66 is originally found in the DIAMONDmodel,29,30 which considers a free-water compartment accompanied
by up to three anisotropic compartments, each described separately by a matrix-variate Gamma distribution. While
Ref. 29 uses a central matrix-variate Gamma distribution, Ref. 30 extends this statistical description by using a
non-central matrix-variate Gamma (nc-mv-Gamma) distribution
PΓ(D) = Det(D)
κ−2
Det(Ψ)κ Γ3(κ)
exp
[−Tr(Θ + Ψ−1 ·D)] F0,1(κ,Θ ·Ψ−1 ·D) , (19)
where κ ∈ ]1,+∞[ is the shape parameter, Ψ ∈ Sym+(3) is the scale parameter, and Θ ∈ Sym(3) is the noncentrality
parameter (setting Θ = 0 gives the central matrix-variate Gamma distribution). Γ3(κ) = pi3/2
∏3
j=1 Γ(κ− (j − 1)/2)
is the multivariate Gamma function and F0,1 is the hypergeometric (Bessel) function of matrix argument of order
(0, 1).
Little is known about the nc-mv-Gamma distribution (compared to the mv-Gaussian and Wishart distribu-
tions),65–67,77 except for the expression of its mean tensor,30 〈D〉 = Ψ · [κI3 + Θ], that we retrieve in Equation 22,
and for its moment-generating functionMΓ(Z), defined for Z ∈ Sym(3) such that (I3 − Z ·Ψ) ∈ Sym+(3) as66
MΓ(Z) = [Det(I3 − Z ·Ψ)]−κ exp
[
Tr
([
(I3 − Z ·Ψ)−1 − I3
] ·Θ)] . (20)
As shown in Ref. 72, and according to Equation 10, the diffusion signal decay associated with the nc-mv-Gamma
distribution expresses as
SΓ(b)
S0 =MΓ(−b) = [Det(I3 + Ψ · b)]
−κ exp
[−b : [(I3 + Ψ · b)−1 ·Ψ ·Θ]] . (21)
Using our results in Equations 14 and 18, we retrieved the mean diffusion tensor of the nc-mv-Gamma distribution,
〈D〉 = ∂MΓ
∂Z
∣∣∣∣
Z=0
= Ψ · [κI3 + Θ] , (22)
and computed its covariance tensor for the first time:
C = 〈D⊗2〉 − 〈D〉⊗2 = ∂
2MΓ
∂2Z
∣∣∣∣
Z=0
− ∂MΓ
∂Z
∣∣∣∣⊗2
Z=0
= κΨ⊗Ψ + (Ψ ·Θ)⊗Ψ + Ψ⊗ (Θ ·Ψ) . (23)
The proofs underlying these results are available in Appendix C. These expressions enable the direct computation
of the statistical descriptors in Section IIA for the non-central matrix-variate Gamma distribution according to
Equation 6.
2. The matrix-variate Gamma approximation
A new dMRI signal representation, dubbed "matrix-variate Gamma approximation", can be attained by describing
the intra-voxel diffusion profile with a single nc-mv-Gamma distribution (see Equation 19). To facilitate the imple-
mentation of this approximation, one first notices that Ψ and Θ commute according to Equation 22, because these
tensors are both symmetric and their product, Ψ · Θ = 〈D〉 − κΨ, is also symmetric. This commutation ensures
that the covariance tensor in Equation 23 is symmetric. Besides, the commutation of the Hermitian tensors Ψ and
Θ (here real symmetric) implies that they share the same eigenvectors, which also coincide with the eigenvectors of
〈D〉 via Equation 22. Consequently, the covariance tensor Equation 23, of size 6× 6 in Mandel notation, can only be
non-zero within its upper-left 3× 3 block (see Section IIA), thereby making this covariance tensor effectively 3× 3.
Another ease of implementation can be provided by replacing the symmetric tensor Θ (featuring unbounded eigen-
values) by the symmetric positive definite tensor
H−1 = κI3 + Θ ∈ Sym+(3) , (24)
6which features strictly positive eigenvalues. The choice to denote this tensor by H−1 comes form the fact that 1/κ
relates to the "width" (heterogeneity) of the nc-mv-Gamma distribution (in the same way that the inverse of the
concentration parameter of a Watson distribution relates to dispersion25), and that Θ has already been used to
provide an additional shape parameter κ′ in Refs. 30 and 72. Note that H and H−1 commute with 〈D〉 and Ψ, so
that they share the same eigenvectors.
Rewriting Equations 21 and 23 as a function of 〈D〉, H and Ψ = 〈D〉 ·H, one obtains the parametric diffusion
signal
SΓ(b) = S0 [Det(I3 + Ψ · b)]−κ exp
[−b : [(I3 + Ψ · b)−1 ·Ψ · (H−1 − κI3)]] (25)
and the covariance tensor
C = 〈D〉 ⊗Ψ + Ψ⊗ 〈D〉 − κΨ⊗Ψ . (26)
Fitting SΓ(b) in Equation 25 requires 11 parameters: S0, κ, the three eigenvalues of Ψ, the three eigenvalues of H,
and the three Euler angles giving the orientation of the eigenvectors shared by Ψ and H. If numerically non positive
semidefinite, C can be substituted with the nearest symmetric positive semidefinite tensor ("nearest" in terms of the
Frobenius norm) using Ref. 98.
III. METHODS
A. In vivo human-brain data
After implementing the matrix-variate Gamma ap-
proximation of Section IIC 2 in Matlab, extending the
framework of Refs. 99 and 100, we evaluated it on a
healthy human-brain ‘tensor-valued’ dMRI dataset read-
ily available online.101 This comprehensive dataset was
acquired on a MAGNETOM 3T Prisma (Siemens Health-
care, Germany) using a prototype spin-echo sequence
customized to support tensor-valued diffusion encod-
ing,102 and an echo-planar imaging (EPI) readout.103,104
Its imaging parameters are TR = 3.2 s, TE = 91 ms,
FOV = 220 × 220 × 60 mm3, matrix = 92 × 92 × 25,
resolution = 2.5 × 2.5 × 2.5 mm3, partial-Fourier = 7/8,
bandwidth = 1940 Hz/pix, and echo spacing = 0.6 ms.
The sequence used interleaved slice excitation, strong
fat saturation, in-plane acceleration iPAT = 2 with
GRAPPA reconstruction and 30 reference lines. Tensor-
valued diffusion encoding was performed with numeri-
cally optimized,105 Maxwell-compensated,106 waveforms.
The spectral tuning of these waveforms107 is discussed in
Ref. 101. The dataset was motion- and eddy-corrected
by registering the images to an extrapolated reference108
using Elastix.109 Its signal-to-noise ratio (SNR) was es-
timated to 30 in the corona radiata using the spherically
encoded diffusion signal at b = 0.1 ms/µm2 (see Sup-
plemental Material of Ref. 102). The overall acquisition
scheme is illustrated in Figure 1.
B. In silico data
We evaluated the matrix-variate Gamma approxima-
tion in silico, and compared it with the covariance ten-
sor approximation28 on the basis of estimating the sta-
tistical descriptors of interest presented in Section IIA,
i.e the mean isotropic diffusivity E[Diso], the normalized
mean squared anisotropy E˜[D2aniso] = E[D
2
aniso]/E[Diso]
2
and the variance of isotropic diffusivities V[Diso]. To that
end, we used the same process as that found in Ref. 41:
1. A system of interest is simulated by generating a
set of ground-truth features {D‖,D⊥, θ, φ, f } (with
the signal fraction f of a given diffusion compo-
nent), from which the ground-truth statistical de-
scriptors of interest and the ground-truth set of sig-
nals {Sgt,i}, with acquisition index i, are computed
using the acquisition scheme of Section IIIA and a
discretized version of Equation 1.
2. Each signal representation is run on an identical
set of signals with added Rician noise: {Si} =
{[(Sgt,i +νi/SNR)2 +(ν′i/SNR)2]1/2}, where νi and
ν′i denote random numbers drawn from a normal
distribution with zero mean and unit standard de-
viation.
3. Step 2 is repeated 100 times to build up statistics
on parameter estimation of E[Diso], E˜[D2aniso] and
V[Diso].
In this work, we investigated a clinically relevant SNR
of 30 and the ideal infinite SNR. Since the Rician bias
has been shown to be relevant only when the SNR
approaches five,110 affecting the estimation of diffusion
metrics,111–113 the results presented in Section IV are
identical to those obtained from signals with added Gaus-
sian noise. While accuracy is quantified for a given esti-
mation by the difference between the median estimation
across noise realizations and the ground-truth (bias), pre-
cision is quantified by the interquartile range of estima-
tions across noise realizations. A "good" estimation is
defined as one that presents both high accuracy and high
precision.
7Figure 1. Visualization of the acquisition scheme retrieved
from Ref. 101 and used in this present work. Acquisition
parameters, i.e. the trace (size) b, normalized anisotropy
(shape) b∆ ∈ [−0.5, 1] and orientation (Θ,Φ) of the b-tensor,
are plotted as a function of sorted acquisition point index
nacq. In particular, b∆ = −0.5, 0 and 1 correspond to planar,
spherical and linear b-tensors, respectively.
IV. RESULTS
The results presented in this section and discussed in
Section V aim to evaluate the matrix-variate Gamma ap-
proximation of Section IIC 2 in vivo and in silico, thereby
offering a proof of concept of the applicability of the ma-
trix moments derived in Section II B 3. Alternatively,
these results allow to identify the nature of the diffusion
information that can be captured by non-central matrix-
variate Gamma distributions (as those used in the DIA-
MOND model29,30,72).
Figure 2 presents the fitted signals yielded by the
matrix-variate Gamma approximation in vivo, within
typical voxels associated with cerebrospinal fluid (CSF),
grey matter (GM), single-fiber white matter (WM) in
the corpus callosum, and crossing fibers in the anterior
centrum semiovale. These fitted signals are compared
with the signals measured using the acquisition scheme
detailed in Section IIIA. Figure 3 shows axial param-
eter maps of the statistical descriptors in Section IIA
estimated by the matrix-variate Gamma approximation.
Unexpected discrepancies between the results of Figure 3
and the known anatomy are further investigated in sil-
ico in Figures 4, 5 and 6, which feature the statistical
descriptors estimated with the matrix-variate Gamma
approximation and the covariance tensor approximation
of Ref. 28 in numerical systems consisting of isotropic
components only, anisotropic components only, and a
mixture of isotropic and anisotropic components, respec-
tively. This in silico study followed the process detailed
in Section III B.
V. DISCUSSION
In this section, let us denote the matrix-variate
Gamma approximation by "mv-Gamma" and the covari-
ance tensor approximation by "Cov" for compactness.
As seen from Figure 2, mv-Gamma fits the dMRI sig-
nal rather adequately in various brain regions, even in
areas of fiber crossings. However, Figure 3 indicates
that even though this signal representation yields maps
of S0, E[Diso], V[Diso] and directionally encoded color
(DEC)114 fractional anisotropy (FA)115 that are consis-
tent with the known anatomy, it also gives anomalously
large values of V[Diso] and a DEC normalized mean
squared anisotropy E˜[D2aniso] that vanishes unexpectedly
in fiber-crossing regions. Nevertheless, the V[Diso] map
exhibits the contrast expected from V[Diso], i.e. large
values at the interface between WM and the CSF in the
ventricles, and at the interface between cortical GM and
the CSF surrounding the brain, and small values other-
wise.
These trends are confirmed in silico in Figures 4, 5
and 6, which we first discuss. In general, the estimations
of mv-Gamma and Cov share similar precision, except
when estimating V[Diso] at high E[Diso] (see Figures 4
and 6), where Cov is more precise. In terms of accuracy,
both signal representations share similar infinite-SNR bi-
ases in nature, although generally more pronounced for
mv-Gamma. These biases persist at finite SNR, with
mv-Gamma being more accurate than Cov in estimating
E[Diso] in systems with low V[Diso] (see Figures 4.B and
6), V[Diso] in systems with high E[Diso] (see Figures 4.B
and 6), and V[Diso] and E˜[D2aniso] in coherent (orienta-
tionally ordered) anisotropic systems (see Figure 5.A).
In particular, mv-Gamma performs better than Cov in
coherent anisotropic systems of high prolate anisotropy.
However, while Figure 5.B demonstrates that the nor-
malized mean squared anisotropy E˜[D2aniso] estimated by
mv-Gamma vanishes upon reducing the orientational or-
der parameter58,116 of anisotropic systems (to a greater
extent compared to Cov), Figure 6 shows that the vari-
ance of isotropic diffusivities V[Diso] estimated by mv-
Gamma can largely overshoot the ground-truth value in
mixed systems with high V[Diso], thereby confirming the
trends seen in vivo in Figure 3.
These limitations of the matrix-variate Gamma ap-
proximation can be understood from a mathematical
standpoint, in turn informing on the fundamental lim-
itations of the nc-mv-Gamma distribution with regard
to capturing intra-voxel heterogeneity. We showed in
Section IIC 2 that the covariance tensor of the nc-mv-
Gamma distribution (see Equations 23 and 26) can only
be non-zero within its upper-left 3 × 3 block in Man-
del notation (see Section IIA). However, the other 3× 3
blocks of the covariance tensor, zero in the case of the nc-
mv-Gamma distribution, are mostly involved in captur-
ing the heterogeneity of orientationally dispersed voxel
contents, and the heterogeneity of voxel contents si-
multaneously featuring variances in the trace (size) and
8anisotropy (shape) of the underlying diffusion tensors, as
shown in Refs. 28 and 75. This explains the limitations
of the matrix-variate Gamma approximation observed in
Figures 3, 4, 5 and 6.
VI. CONCLUSIONS
We established practical mathematical tools, the ma-
trix moments of the diffusion tensor distribution (DTD)
P(D), that remove the fundamental barrier preventing
a more widespread use of matrix-variate distributions as
plausible approximations of the DTD: their intractabil-
ity. Indeed, the matrix moments enable the computa-
tion of the mean diffusion tensor and covariance tensor
of any matrix-variate parametric functional form chosen
for the DTD, given that its moment-generating function
is known. In turn, statistical descriptors of the DTD that
are common to various methods can be extracted from
these tensors, allowing to investigate the performance of
a given functional approximation in capturing intra-voxel
heterogeneity, and to compare multiple signal represen-
tations and models on the basis of estimating identical
sets of descriptors.
As a proof of concept, we computed the matrix mo-
ments of the non-central matrix-variate Gamma distri-
bution, deriving its covariance tensor for the first time.
Building upon these calculations, we designed a new sig-
nal representation wherein the intra-voxel diffusion pro-
file is described by a single non-central matrix-variate
Gamma distribution: the matrix-variate Gamma approx-
imation. This approximation fails to capture the het-
erogeneity arising from orientation dispersion and from
simultaneous variances in the size and shape of the under-
lying diffusion tensors, which can be understood from the
structure of the covariance tensor associated with that
specific choice of parametric distribution for P(D). How-
ever, the matrix-variate Gamma approximation performs
well in orientationally ordered anisotropic systems of high
prolate anisotropy, which justifies its use to describe
anisotropic diffusion compartments, such as within the
DIAMOND model.29,30,72 Finally, the matrix moments
of the non-central matrix-variate Gamma distribution
provide the DIAMOND model with fiber-specific statis-
tical descriptors that are straightforwardly comparable
to those of other fiber-specific techniques.59,60,76 We en-
courage the diffusion MRI community to use these tools
to experiment with other matrix-variate distributions66
and to identify their respective advantages/limitations in
capturing microstructural heterogeneity.
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Figure 2. Signals fitted within the mv-Gamma for archetypal voxel contents. Normalized signals S˜ = S/S0 are plotted as a
function of the sorted acquisition point index nacq of Figure 1. While black dots correspond to the measured normalized signals,
colored dots are associated with the fitted normalized signals in four voxels of interest illustrated on a S0 map: a blue voxel in
the cerebrospinal fluid (CSF) of a ventricle, a green voxel in cortical grey matter (GM), a red voxel in the white matter (WM)
of the corpus callosum, and an orange voxel in an area of crossing within the anterior centrum semiovale.
S0,measured
<latexit sha1_base64="DxqmDCXvM0UXCucg6TNnuH1Wi+U=">AAADNHicjVJNT9tAEH24lNK00LQ ce3EbVeoBRTZym3BD4kJvIEiCBChabxaw8JfWa0Rk5dxfwxV+C1JvVaX2wk9AzE4diR4CXcv27Jv33u7sTpjHUWE872bOeTb/fOHF4svGq9dLy2+ab9/1i6zUUvVkFmd6PxSFiqNU9UxkYrWfayWSMFaD8GzT 5gfnShdRlu6Zca6OEnGSRseRFIagYfPDYSLMqRRxtTsZVt4qT3VSJUoUpVajyWTYbHnt9U53PfBdG/hBl4Nu8CX46vptj0cL9djOmnc4xAgZJEokUEhhKI4hUNBzAB8ecsKOUBGmKYo4rzBBg7QlsRQxBKFn9 D2h2UGNpjS3ngWrJa0S06tJ6eITaTLiaYrtai7nS3a26Czvij3t3sb0D2uvhFCDU0Kf0k2Z/6uztRgco8s1RFRTzoitTtYuJZ+K3bn7oCpDDjlhNh5RXlMsWTk9Z5c1Bdduz1Zw/jczLWrnsuaW+PNodSG5zr 6Rite94LvNiJkzt0HtMu0Jd3bQX2v7XtvfCVob3+rGWcR7fMRn6o4ONrCFbfTI+TsucYVr58r54fx0fv2lOnO1ZgX/DOf2HpLcrzQ=</latexit><latexit sha1_base64="DxqmDCXvM0UXCucg6TNnuH1Wi+U=">AAADNHicjVJNT9tAEH24lNK00LQ ce3EbVeoBRTZym3BD4kJvIEiCBChabxaw8JfWa0Rk5dxfwxV+C1JvVaX2wk9AzE4diR4CXcv27Jv33u7sTpjHUWE872bOeTb/fOHF4svGq9dLy2+ab9/1i6zUUvVkFmd6PxSFiqNU9UxkYrWfayWSMFaD8GzT 5gfnShdRlu6Zca6OEnGSRseRFIagYfPDYSLMqRRxtTsZVt4qT3VSJUoUpVajyWTYbHnt9U53PfBdG/hBl4Nu8CX46vptj0cL9djOmnc4xAgZJEokUEhhKI4hUNBzAB8ecsKOUBGmKYo4rzBBg7QlsRQxBKFn9 D2h2UGNpjS3ngWrJa0S06tJ6eITaTLiaYrtai7nS3a26Czvij3t3sb0D2uvhFCDU0Kf0k2Z/6uztRgco8s1RFRTzoitTtYuJZ+K3bn7oCpDDjlhNh5RXlMsWTk9Z5c1Bdduz1Zw/jczLWrnsuaW+PNodSG5zr 6Rite94LvNiJkzt0HtMu0Jd3bQX2v7XtvfCVob3+rGWcR7fMRn6o4ONrCFbfTI+TsucYVr58r54fx0fv2lOnO1ZgX/DOf2HpLcrzQ=</latexit><latexit sha1_base64="DxqmDCXvM0UXCucg6TNnuH1Wi+U=">AAADNHicjVJNT9tAEH24lNK00LQ ce3EbVeoBRTZym3BD4kJvIEiCBChabxaw8JfWa0Rk5dxfwxV+C1JvVaX2wk9AzE4diR4CXcv27Jv33u7sTpjHUWE872bOeTb/fOHF4svGq9dLy2+ab9/1i6zUUvVkFmd6PxSFiqNU9UxkYrWfayWSMFaD8GzT 5gfnShdRlu6Zca6OEnGSRseRFIagYfPDYSLMqRRxtTsZVt4qT3VSJUoUpVajyWTYbHnt9U53PfBdG/hBl4Nu8CX46vptj0cL9djOmnc4xAgZJEokUEhhKI4hUNBzAB8ecsKOUBGmKYo4rzBBg7QlsRQxBKFn9 D2h2UGNpjS3ngWrJa0S06tJ6eITaTLiaYrtai7nS3a26Czvij3t3sb0D2uvhFCDU0Kf0k2Z/6uztRgco8s1RFRTzoitTtYuJZ+K3bn7oCpDDjlhNh5RXlMsWTk9Z5c1Bdduz1Zw/jczLWrnsuaW+PNodSG5zr 6Rite94LvNiJkzt0HtMu0Jd3bQX2v7XtvfCVob3+rGWcR7fMRn6o4ONrCFbfTI+TsucYVr58r54fx0fv2lOnO1ZgX/DOf2HpLcrzQ=</latexit><latexit sha1_base64="DxqmDCXvM0UXCucg6TNnuH1Wi+U=">AAADNHicjVJNT9tAEH24lNK00LQ ce3EbVeoBRTZym3BD4kJvIEiCBChabxaw8JfWa0Rk5dxfwxV+C1JvVaX2wk9AzE4diR4CXcv27Jv33u7sTpjHUWE872bOeTb/fOHF4svGq9dLy2+ab9/1i6zUUvVkFmd6PxSFiqNU9UxkYrWfayWSMFaD8GzT 5gfnShdRlu6Zca6OEnGSRseRFIagYfPDYSLMqRRxtTsZVt4qT3VSJUoUpVajyWTYbHnt9U53PfBdG/hBl4Nu8CX46vptj0cL9djOmnc4xAgZJEokUEhhKI4hUNBzAB8ecsKOUBGmKYo4rzBBg7QlsRQxBKFn9 D2h2UGNpjS3ngWrJa0S06tJ6eITaTLiaYrtai7nS3a26Czvij3t3sb0D2uvhFCDU0Kf0k2Z/6uztRgco8s1RFRTzoitTtYuJZ+K3bn7oCpDDjlhNh5RXlMsWTk9Z5c1Bdduz1Zw/jczLWrnsuaW+PNodSG5zr 6Rite94LvNiJkzt0HtMu0Jd3bQX2v7XtvfCVob3+rGWcR7fMRn6o4ONrCFbfTI+TsucYVr58r54fx0fv2lOnO1ZgX/DOf2HpLcrzQ=</latexit>
0
<latexit sha1_base64="J3Q0j5Qtv2e+LtPUo2AeebMGCp0=">AAADEnicjVLLSsNAFD2Nr1pfVZd ugkVwVRKJ2u4KbnTXgn2AiiTptIamSUgmohS/wG39GXfi1h/wD/QnxDvXFHRRdUKSM+eec2fuzHUi30ukYbzmtJnZufmF/GJhaXllda24vtFKwjR2RdMN/TDuOHYifC8QTelJX3SiWNhDxxdtZ3Ck4u1rESd eGJzK20hcDO1+4PU815ZENYzLYskoVw8rVcvUFTCtCoOKtW8d6GbZ4FFCNuph8QPn6CKEixRDCASQhH3YSOg5gwkDEXEXGBEXE/I4LnCHAnlTUglS2MQO6Nun2VnGBjRXORN2u7SKT29MTh075AlJFxNWq+k cTzmzYqflHnFOtbdb+jtZriGxElfE/uWbKP/rU7VI9FDhGjyqKWJGVedmWVI+FbVz/VtVkjJExCncpXhM2GXn5Jx19iRcuzpbm+NvrFSsmruZNsX7r9U5lHX6jYx43Ru+25CUEWsL1C6TntCng9Ze2TTKZsM q1U6yxsljC9vYpe44RA3HqKPJO73HGA/aWHvUnrTnL6mWyzyb+DG0l0/ySqCM</latexit><latexit sha1_base64="J3Q0j5Qtv2e+LtPUo2AeebMGCp0=">AAADEnicjVLLSsNAFD2Nr1pfVZd ugkVwVRKJ2u4KbnTXgn2AiiTptIamSUgmohS/wG39GXfi1h/wD/QnxDvXFHRRdUKSM+eec2fuzHUi30ukYbzmtJnZufmF/GJhaXllda24vtFKwjR2RdMN/TDuOHYifC8QTelJX3SiWNhDxxdtZ3Ck4u1rESd eGJzK20hcDO1+4PU815ZENYzLYskoVw8rVcvUFTCtCoOKtW8d6GbZ4FFCNuph8QPn6CKEixRDCASQhH3YSOg5gwkDEXEXGBEXE/I4LnCHAnlTUglS2MQO6Nun2VnGBjRXORN2u7SKT29MTh075AlJFxNWq+k cTzmzYqflHnFOtbdb+jtZriGxElfE/uWbKP/rU7VI9FDhGjyqKWJGVedmWVI+FbVz/VtVkjJExCncpXhM2GXn5Jx19iRcuzpbm+NvrFSsmruZNsX7r9U5lHX6jYx43Ru+25CUEWsL1C6TntCng9Ze2TTKZsM q1U6yxsljC9vYpe44RA3HqKPJO73HGA/aWHvUnrTnL6mWyzyb+DG0l0/ySqCM</latexit><latexit sha1_base64="J3Q0j5Qtv2e+LtPUo2AeebMGCp0=">AAADEnicjVLLSsNAFD2Nr1pfVZd ugkVwVRKJ2u4KbnTXgn2AiiTptIamSUgmohS/wG39GXfi1h/wD/QnxDvXFHRRdUKSM+eec2fuzHUi30ukYbzmtJnZufmF/GJhaXllda24vtFKwjR2RdMN/TDuOHYifC8QTelJX3SiWNhDxxdtZ3Ck4u1rESd eGJzK20hcDO1+4PU815ZENYzLYskoVw8rVcvUFTCtCoOKtW8d6GbZ4FFCNuph8QPn6CKEixRDCASQhH3YSOg5gwkDEXEXGBEXE/I4LnCHAnlTUglS2MQO6Nun2VnGBjRXORN2u7SKT29MTh075AlJFxNWq+k cTzmzYqflHnFOtbdb+jtZriGxElfE/uWbKP/rU7VI9FDhGjyqKWJGVedmWVI+FbVz/VtVkjJExCncpXhM2GXn5Jx19iRcuzpbm+NvrFSsmruZNsX7r9U5lHX6jYx43Ru+25CUEWsL1C6TntCng9Ze2TTKZsM q1U6yxsljC9vYpe44RA3HqKPJO73HGA/aWHvUnrTnL6mWyzyb+DG0l0/ySqCM</latexit><latexit sha1_base64="J3Q0j5Qtv2e+LtPUo2AeebMGCp0=">AAADEnicjVLLSsNAFD2Nr1pfVZd ugkVwVRKJ2u4KbnTXgn2AiiTptIamSUgmohS/wG39GXfi1h/wD/QnxDvXFHRRdUKSM+eec2fuzHUi30ukYbzmtJnZufmF/GJhaXllda24vtFKwjR2RdMN/TDuOHYifC8QTelJX3SiWNhDxxdtZ3Ck4u1rESd eGJzK20hcDO1+4PU815ZENYzLYskoVw8rVcvUFTCtCoOKtW8d6GbZ4FFCNuph8QPn6CKEixRDCASQhH3YSOg5gwkDEXEXGBEXE/I4LnCHAnlTUglS2MQO6Nun2VnGBjRXORN2u7SKT29MTh075AlJFxNWq+k cTzmzYqflHnFOtbdb+jtZriGxElfE/uWbKP/rU7VI9FDhGjyqKWJGVedmWVI+FbVz/VtVkjJExCncpXhM2GXn5Jx19iRcuzpbm+NvrFSsmruZNsX7r9U5lHX6jYx43Ru+25CUEWsL1C6TntCng9Ze2TTKZsM q1U6yxsljC9vYpe44RA3HqKPJO73HGA/aWHvUnrTnL6mWyzyb+DG0l0/ySqCM</latexit>
max<latexit sha1_base64="fRhaEeEcsmKyM4FbD/6o2DBM6ME=">AAADHXicjVLLSsNAFD3Gd31VXbo JFsFVSSTauiu40Z2CVcGKTOKowbyYTEQp/obb+jPuxK34B/oT4p1rCrqoOiHJnXPPOTN35vpZFObacV6HrOGR0bHxicnK1PTM7Fx1fuEgTwsVyHaQRqk68kUuozCRbR3qSB5lSorYj+Shf7Vl8ofXUuVhmuz r20yexOIiCc/DQGiCOp1Y6EsVd2Nxc3darTn1zUZz03NtE7hek4Omt+5t2G7d4VFDOXbT6gc6OEOKAAViSCTQFEcQyOk5hgsHGWEn6BKmKAo5L3GHCmkLYkliCEKv6HtBs+MSTWhuPHNWB7RKRK8ipY0V0qT EUxSb1WzOF+xs0EHeXfY0e7ulv196xYRqXBL6l67P/K/O1KJxjibXEFJNGSOmuqB0KfhUzM7tb1VpcsgIM/EZ5RXFASv752yzJufazdkKzr8x06BmHpTcAu+/VueT6+Ab6fK6N3y3KTEz5laoXfo9YQ8ODtb qrlN397xaa6dsnAksYRmr1B0NtLCNXbTJOcM9eniwetaj9WQ9f1GtoVKziB/DevkE9K6l7Q==</latexit><latexit sha1_base64="fRhaEeEcsmKyM4FbD/6o2DBM6ME=">AAADHXicjVLLSsNAFD3Gd31VXbo JFsFVSSTauiu40Z2CVcGKTOKowbyYTEQp/obb+jPuxK34B/oT4p1rCrqoOiHJnXPPOTN35vpZFObacV6HrOGR0bHxicnK1PTM7Fx1fuEgTwsVyHaQRqk68kUuozCRbR3qSB5lSorYj+Shf7Vl8ofXUuVhmuz r20yexOIiCc/DQGiCOp1Y6EsVd2Nxc3darTn1zUZz03NtE7hek4Omt+5t2G7d4VFDOXbT6gc6OEOKAAViSCTQFEcQyOk5hgsHGWEn6BKmKAo5L3GHCmkLYkliCEKv6HtBs+MSTWhuPHNWB7RKRK8ipY0V0qT EUxSb1WzOF+xs0EHeXfY0e7ulv196xYRqXBL6l67P/K/O1KJxjibXEFJNGSOmuqB0KfhUzM7tb1VpcsgIM/EZ5RXFASv752yzJufazdkKzr8x06BmHpTcAu+/VueT6+Ab6fK6N3y3KTEz5laoXfo9YQ8ODtb qrlN397xaa6dsnAksYRmr1B0NtLCNXbTJOcM9eniwetaj9WQ9f1GtoVKziB/DevkE9K6l7Q==</latexit><latexit sha1_base64="fRhaEeEcsmKyM4FbD/6o2DBM6ME=">AAADHXicjVLLSsNAFD3Gd31VXbo JFsFVSSTauiu40Z2CVcGKTOKowbyYTEQp/obb+jPuxK34B/oT4p1rCrqoOiHJnXPPOTN35vpZFObacV6HrOGR0bHxicnK1PTM7Fx1fuEgTwsVyHaQRqk68kUuozCRbR3qSB5lSorYj+Shf7Vl8ofXUuVhmuz r20yexOIiCc/DQGiCOp1Y6EsVd2Nxc3darTn1zUZz03NtE7hek4Omt+5t2G7d4VFDOXbT6gc6OEOKAAViSCTQFEcQyOk5hgsHGWEn6BKmKAo5L3GHCmkLYkliCEKv6HtBs+MSTWhuPHNWB7RKRK8ipY0V0qT EUxSb1WzOF+xs0EHeXfY0e7ulv196xYRqXBL6l67P/K/O1KJxjibXEFJNGSOmuqB0KfhUzM7tb1VpcsgIM/EZ5RXFASv752yzJufazdkKzr8x06BmHpTcAu+/VueT6+Ab6fK6N3y3KTEz5laoXfo9YQ8ODtb qrlN397xaa6dsnAksYRmr1B0NtLCNXbTJOcM9eniwetaj9WQ9f1GtoVKziB/DevkE9K6l7Q==</latexit><latexit sha1_base64="fRhaEeEcsmKyM4FbD/6o2DBM6ME=">AAADHXicjVLLSsNAFD3Gd31VXbo JFsFVSSTauiu40Z2CVcGKTOKowbyYTEQp/obb+jPuxK34B/oT4p1rCrqoOiHJnXPPOTN35vpZFObacV6HrOGR0bHxicnK1PTM7Fx1fuEgTwsVyHaQRqk68kUuozCRbR3qSB5lSorYj+Shf7Vl8ofXUuVhmuz r20yexOIiCc/DQGiCOp1Y6EsVd2Nxc3darTn1zUZz03NtE7hek4Omt+5t2G7d4VFDOXbT6gc6OEOKAAViSCTQFEcQyOk5hgsHGWEn6BKmKAo5L3GHCmkLYkliCEKv6HtBs+MSTWhuPHNWB7RKRK8ipY0V0qT EUxSb1WzOF+xs0EHeXfY0e7ulv196xYRqXBL6l67P/K/O1KJxjibXEFJNGSOmuqB0KfhUzM7tb1VpcsgIM/EZ5RXFASv752yzJufazdkKzr8x06BmHpTcAu+/VueT6+Ab6fK6N3y3KTEz5laoXfo9YQ8ODtb qrlN397xaa6dsnAksYRmr1B0NtLCNXbTJOcM9eniwetaj9WQ9f1GtoVKziB/DevkE9K6l7Q==</latexit>
0
<latexit sha1_base64="J3Q0j5Qtv2e+LtPUo2AeebMGCp0=">AAADEnicjVLLSsNAFD2Nr1pfVZd ugkVwVRKJ2u4KbnTXgn2AiiTptIamSUgmohS/wG39GXfi1h/wD/QnxDvXFHRRdUKSM+eec2fuzHUi30ukYbzmtJnZufmF/GJhaXllda24vtFKwjR2RdMN/TDuOHYifC8QTelJX3SiWNhDxxdtZ3Ck4u1rESd eGJzK20hcDO1+4PU815ZENYzLYskoVw8rVcvUFTCtCoOKtW8d6GbZ4FFCNuph8QPn6CKEixRDCASQhH3YSOg5gwkDEXEXGBEXE/I4LnCHAnlTUglS2MQO6Nun2VnGBjRXORN2u7SKT29MTh075AlJFxNWq+k cTzmzYqflHnFOtbdb+jtZriGxElfE/uWbKP/rU7VI9FDhGjyqKWJGVedmWVI+FbVz/VtVkjJExCncpXhM2GXn5Jx19iRcuzpbm+NvrFSsmruZNsX7r9U5lHX6jYx43Ru+25CUEWsL1C6TntCng9Ze2TTKZsM q1U6yxsljC9vYpe44RA3HqKPJO73HGA/aWHvUnrTnL6mWyzyb+DG0l0/ySqCM</latexit><latexit sha1_base64="J3Q0j5Qtv2e+LtPUo2AeebMGCp0=">AAADEnicjVLLSsNAFD2Nr1pfVZd ugkVwVRKJ2u4KbnTXgn2AiiTptIamSUgmohS/wG39GXfi1h/wD/QnxDvXFHRRdUKSM+eec2fuzHUi30ukYbzmtJnZufmF/GJhaXllda24vtFKwjR2RdMN/TDuOHYifC8QTelJX3SiWNhDxxdtZ3Ck4u1rESd eGJzK20hcDO1+4PU815ZENYzLYskoVw8rVcvUFTCtCoOKtW8d6GbZ4FFCNuph8QPn6CKEixRDCASQhH3YSOg5gwkDEXEXGBEXE/I4LnCHAnlTUglS2MQO6Nun2VnGBjRXORN2u7SKT29MTh075AlJFxNWq+k cTzmzYqflHnFOtbdb+jtZriGxElfE/uWbKP/rU7VI9FDhGjyqKWJGVedmWVI+FbVz/VtVkjJExCncpXhM2GXn5Jx19iRcuzpbm+NvrFSsmruZNsX7r9U5lHX6jYx43Ru+25CUEWsL1C6TntCng9Ze2TTKZsM q1U6yxsljC9vYpe44RA3HqKPJO73HGA/aWHvUnrTnL6mWyzyb+DG0l0/ySqCM</latexit><latexit sha1_base64="J3Q0j5Qtv2e+LtPUo2AeebMGCp0=">AAADEnicjVLLSsNAFD2Nr1pfVZd ugkVwVRKJ2u4KbnTXgn2AiiTptIamSUgmohS/wG39GXfi1h/wD/QnxDvXFHRRdUKSM+eec2fuzHUi30ukYbzmtJnZufmF/GJhaXllda24vtFKwjR2RdMN/TDuOHYifC8QTelJX3SiWNhDxxdtZ3Ck4u1rESd eGJzK20hcDO1+4PU815ZENYzLYskoVw8rVcvUFTCtCoOKtW8d6GbZ4FFCNuph8QPn6CKEixRDCASQhH3YSOg5gwkDEXEXGBEXE/I4LnCHAnlTUglS2MQO6Nun2VnGBjRXORN2u7SKT29MTh075AlJFxNWq+k cTzmzYqflHnFOtbdb+jtZriGxElfE/uWbKP/rU7VI9FDhGjyqKWJGVedmWVI+FbVz/VtVkjJExCncpXhM2GXn5Jx19iRcuzpbm+NvrFSsmruZNsX7r9U5lHX6jYx43Ru+25CUEWsL1C6TntCng9Ze2TTKZsM q1U6yxsljC9vYpe44RA3HqKPJO73HGA/aWHvUnrTnL6mWyzyb+DG0l0/ySqCM</latexit><latexit sha1_base64="J3Q0j5Qtv2e+LtPUo2AeebMGCp0=">AAADEnicjVLLSsNAFD2Nr1pfVZd ugkVwVRKJ2u4KbnTXgn2AiiTptIamSUgmohS/wG39GXfi1h/wD/QnxDvXFHRRdUKSM+eec2fuzHUi30ukYbzmtJnZufmF/GJhaXllda24vtFKwjR2RdMN/TDuOHYifC8QTelJX3SiWNhDxxdtZ3Ck4u1rESd eGJzK20hcDO1+4PU815ZENYzLYskoVw8rVcvUFTCtCoOKtW8d6GbZ4FFCNuph8QPn6CKEixRDCASQhH3YSOg5gwkDEXEXGBEXE/I4LnCHAnlTUglS2MQO6Nun2VnGBjRXORN2u7SKT29MTh075AlJFxNWq+k cTzmzYqflHnFOtbdb+jtZriGxElfE/uWbKP/rU7VI9FDhGjyqKWJGVedmWVI+FbVz/VtVkjJExCncpXhM2GXn5Jx19iRcuzpbm+NvrFSsmruZNsX7r9U5lHX6jYx43Ru+25CUEWsL1C6TntCng9Ze2TTKZsM q1U6yxsljC9vYpe44RA3HqKPJO73HGA/aWHvUnrTnL6mWyzyb+DG0l0/ySqCM</latexit>
E[Diso] (µm2/ms)
<latexit sha1_base64="EN3B8penD3bOnl//p tJIy2+P4NU=">AAACfHicbVHfT9swEHYCY8A26OCRF2vdJKaNkpSyteIFCSZtb0xaASnJKsd1Wwv/i OzLtMrKf8kLfwkSD4gkdGgFTrL13Xd3vrvPaSa4hSC48vyFxRdLL5dXVl+9frO23ni7cWp1bijrUy2 0OU+JZYIr1gcOgp1nhhGZCnaWXhxV8bM/zFiu1S+YZiyRZKz4iFMCJTVoKBfXj0RmnCYuaPW6+0G7+ 7kG7XCvBp1ed6+IJYGJke5bER0P/jnc6iKJD/B2DOwvuPqW+UOuLH63dx8cW3wsBo1m0Apqw09BOA NNNLOTQeM6HmqaS6aACmJtFAYZJI4Y4FSwYjXOLcsIvSBjFpVQEcls4uqVCvyhZIZ4pE15FOCa/b/C EWntVKZlZjWkfRyryOdiUQ6jbuK4ynJgit43GuUCg8aVyHjIDaMgpiUg1PByVkwnxBAK5VfMdUnl3A 6uUpBqmVVKhY91eQpO262w0+r97DQPf8w0W0Zb6B3aRiH6ig7Rd3SC+oiiS3TjLXiL3q3/3v/k79yn +t6sZhPNmf/lDnBbwjk=</latexit>
3.5
<latexit sha1_base64="LD6+IzTpCbJQhBQLARdvtAk4u9M=">AAACOnicbZDLSsNAFIYn9Vbrrer STbAILkpIesF0V3Cjuwr2Am0ok+m0HTqThJkTsYS+hE/jwo2+hVt34lZwa5pmYVsPDHz85zq/G3CmwDTftczG5tb2TnY3t7d/cHiUPz5pKT+UhDaJz33ZcbGinHm0CQw47QSSYuFy2nYn1/N8+4FKxXzvHqY BdQQeeWzICIZY6ueLUS8Z0pUj14lMo2ZXzZJdTKBklROo1OzyrGxUZ/18wTTMJPR1sFIooDQa/fxPb+CTUFAPCMdKdS0zACfCEhjhdJbrhYoGmEzwiHZj9LCgyomSg2b6RawM9KEv4+eBnqh/OyIslJoKN64 UGMZqNTcX/8t1QxjaTsS8IATqkcWiYch18PW5RfqASUqAT2PARLL4Vp2MscQEYiOXtrhi6Q8R0EcgvgjmTlmrvqxDq2RYFaN2VynUb1PPsugMnaNLZKErVEc3qIGaiKAn9Ixe0Zv2on1on9rXojSjpT2naCm 0718I7qqm</latexit>
0
<latexit sha1_base64="J3Q0j5Qtv2e+LtPUo2AeebMGCp0=">AAADEnicjVLLSsNAFD2Nr1pfVZdugkVwVRKJ2u4KbnTXgn2AiiTptIamSUgmohS/wG39GXfi1h/wD/QnxDvXFHRRdUKSM+eec2fuzHUi3 0ukYbzmtJnZufmF/GJhaXllda24vtFKwjR2RdMN/TDuOHYifC8QTelJX3SiWNhDxxdtZ3Ck4u1rESdeGJzK20hcDO1+4PU815ZENYzLYskoVw8rVcvUFTCtCoOKtW8d6GbZ4FFCNuph8QPn6CKEixRDCASQhH3YSOg5gwkDEXEXGBEXE/I4LnCHAnlTUglS2MQO6Nun2VnGBjRXORN2u7SKT29MTh075AlJFxNWq+kcTzmzYqflHnFOtbdb+jtZriGxElfE/uWbKP/rU7VI9FDhGjyqKWJGVedmWVI+FbVz/VtVkjJExCncp XhM2GXn5Jx19iRcuzpbm+NvrFSsmruZNsX7r9U5lHX6jYx43Ru+25CUEWsL1C6TntCng9Ze2TTKZsMq1U6yxsljC9vYpe44RA3HqKPJO73HGA/aWHvUnrTnL6mWyzyb+DG0l0/ySqCM</latexit><latexit sha1_base64="J3Q0j5Qtv2e+LtPUo2AeebMGCp0=">AAADEnicjVLLSsNAFD2Nr1pfVZdugkVwVRKJ2u4KbnTXgn2AiiTptIamSUgmohS/wG39GXfi1h/wD/QnxDvXFHRRdUKSM+eec2fuzHUi3 0ukYbzmtJnZufmF/GJhaXllda24vtFKwjR2RdMN/TDuOHYifC8QTelJX3SiWNhDxxdtZ3Ck4u1rESdeGJzK20hcDO1+4PU815ZENYzLYskoVw8rVcvUFTCtCoOKtW8d6GbZ4FFCNuph8QPn6CKEixRDCASQhH3YSOg5gwkDEXEXGBEXE/I4LnCHAnlTUglS2MQO6Nun2VnGBjRXORN2u7SKT29MTh075AlJFxNWq+kcTzmzYqflHnFOtbdb+jtZriGxElfE/uWbKP/rU7VI9FDhGjyqKWJGVedmWVI+FbVz/VtVkjJExCncp XhM2GXn5Jx19iRcuzpbm+NvrFSsmruZNsX7r9U5lHX6jYx43Ru+25CUEWsL1C6TntCng9Ze2TTKZsMq1U6yxsljC9vYpe44RA3HqKPJO73HGA/aWHvUnrTnL6mWyzyb+DG0l0/ySqCM</latexit><latexit sha1_base64="J3Q0j5Qtv2e+LtPUo2AeebMGCp0=">AAADEnicjVLLSsNAFD2Nr1pfVZdugkVwVRKJ2u4KbnTXgn2AiiTptIamSUgmohS/wG39GXfi1h/wD/QnxDvXFHRRdUKSM+eec2fuzHUi3 0ukYbzmtJnZufmF/GJhaXllda24vtFKwjR2RdMN/TDuOHYifC8QTelJX3SiWNhDxxdtZ3Ck4u1rESdeGJzK20hcDO1+4PU815ZENYzLYskoVw8rVcvUFTCtCoOKtW8d6GbZ4FFCNuph8QPn6CKEixRDCASQhH3YSOg5gwkDEXEXGBEXE/I4LnCHAnlTUglS2MQO6Nun2VnGBjRXORN2u7SKT29MTh075AlJFxNWq+kcTzmzYqflHnFOtbdb+jtZriGxElfE/uWbKP/rU7VI9FDhGjyqKWJGVedmWVI+FbVz/VtVkjJExCncp XhM2GXn5Jx19iRcuzpbm+NvrFSsmruZNsX7r9U5lHX6jYx43Ru+25CUEWsL1C6TntCng9Ze2TTKZsMq1U6yxsljC9vYpe44RA3HqKPJO73HGA/aWHvUnrTnL6mWyzyb+DG0l0/ySqCM</latexit><latexit sha1_base64="J3Q0j5Qtv2e+LtPUo2AeebMGCp0=">AAADEnicjVLLSsNAFD2Nr1pfVZdugkVwVRKJ2u4KbnTXgn2AiiTptIamSUgmohS/wG39GXfi1h/wD/QnxDvXFHRRdUKSM+eec2fuzHUi3 0ukYbzmtJnZufmF/GJhaXllda24vtFKwjR2RdMN/TDuOHYifC8QTelJX3SiWNhDxxdtZ3Ck4u1rESdeGJzK20hcDO1+4PU815ZENYzLYskoVw8rVcvUFTCtCoOKtW8d6GbZ4FFCNuph8QPn6CKEixRDCASQhH3YSOg5gwkDEXEXGBEXE/I4LnCHAnlTUglS2MQO6Nun2VnGBjRXORN2u7SKT29MTh075AlJFxNWq+kcTzmzYqflHnFOtbdb+jtZriGxElfE/uWbKP/rU7VI9FDhGjyqKWJGVedmWVI+FbVz/VtVkjJExCncp XhM2GXn5Jx19iRcuzpbm+NvrFSsmruZNsX7r9U5lHX6jYx43Ru+25CUEWsL1C6TntCng9Ze2TTKZsMq1U6yxsljC9vYpe44RA3HqKPJO73HGA/aWHvUnrTnL6mWyzyb+DG0l0/ySqCM</latexit>
max<latexit sha1_base64="fRhaEeEcsmKyM4FbD/6o2DBM6ME=">AAADHXicjVLLSsNAFD3Gd31VXboJFsFVSSTauiu40Z2CVcGKTOKowbyYTEQp/obb+jPuxK34B/oT4p1rCrqoOiHJnXPPOTN35vpZFObac V6HrOGR0bHxicnK1PTM7Fx1fuEgTwsVyHaQRqk68kUuozCRbR3qSB5lSorYj+Shf7Vl8ofXUuVhmuzr20yexOIiCc/DQGiCOp1Y6EsVd2Nxc3darTn1zUZz03NtE7hek4Omt+5t2G7d4VFDOXbT6gc6OEOKAAViSCTQFEcQyOk5hgsHGWEn6BKmKAo5L3GHCmkLYkliCEKv6HtBs+MSTWhuPHNWB7RKRK8ipY0V0qTEUxSb1WzOF+xs0EHeXfY0e7ulv196xYRqXBL6l67P/K/O1KJxjibXEFJNGSOmuqB0KfhUzM7tb1Vpc sgIM/EZ5RXFASv752yzJufazdkKzr8x06BmHpTcAu+/VueT6+Ab6fK6N3y3KTEz5laoXfo9YQ8ODtbqrlN397xaa6dsnAksYRmr1B0NtLCNXbTJOcM9eniwetaj9WQ9f1GtoVKziB/DevkE9K6l7Q==</latexit><latexit sha1_base64="fRhaEeEcsmKyM4FbD/6o2DBM6ME=">AAADHXicjVLLSsNAFD3Gd31VXboJFsFVSSTauiu40Z2CVcGKTOKowbyYTEQp/obb+jPuxK34B/oT4p1rCrqoOiHJnXPPOTN35vpZFObac V6HrOGR0bHxicnK1PTM7Fx1fuEgTwsVyHaQRqk68kUuozCRbR3qSB5lSorYj+Shf7Vl8ofXUuVhmuzr20yexOIiCc/DQGiCOp1Y6EsVd2Nxc3darTn1zUZz03NtE7hek4Omt+5t2G7d4VFDOXbT6gc6OEOKAAViSCTQFEcQyOk5hgsHGWEn6BKmKAo5L3GHCmkLYkliCEKv6HtBs+MSTWhuPHNWB7RKRK8ipY0V0qTEUxSb1WzOF+xs0EHeXfY0e7ulv196xYRqXBL6l67P/K/O1KJxjibXEFJNGSOmuqB0KfhUzM7tb1Vpc sgIM/EZ5RXFASv752yzJufazdkKzr8x06BmHpTcAu+/VueT6+Ab6fK6N3y3KTEz5laoXfo9YQ8ODtbqrlN397xaa6dsnAksYRmr1B0NtLCNXbTJOcM9eniwetaj9WQ9f1GtoVKziB/DevkE9K6l7Q==</latexit><latexit sha1_base64="fRhaEeEcsmKyM4FbD/6o2DBM6ME=">AAADHXicjVLLSsNAFD3Gd31VXboJFsFVSSTauiu40Z2CVcGKTOKowbyYTEQp/obb+jPuxK34B/oT4p1rCrqoOiHJnXPPOTN35vpZFObac V6HrOGR0bHxicnK1PTM7Fx1fuEgTwsVyHaQRqk68kUuozCRbR3qSB5lSorYj+Shf7Vl8ofXUuVhmuzr20yexOIiCc/DQGiCOp1Y6EsVd2Nxc3darTn1zUZz03NtE7hek4Omt+5t2G7d4VFDOXbT6gc6OEOKAAViSCTQFEcQyOk5hgsHGWEn6BKmKAo5L3GHCmkLYkliCEKv6HtBs+MSTWhuPHNWB7RKRK8ipY0V0qTEUxSb1WzOF+xs0EHeXfY0e7ulv196xYRqXBL6l67P/K/O1KJxjibXEFJNGSOmuqB0KfhUzM7tb1Vpc sgIM/EZ5RXFASv752yzJufazdkKzr8x06BmHpTcAu+/VueT6+Ab6fK6N3y3KTEz5laoXfo9YQ8ODtbqrlN397xaa6dsnAksYRmr1B0NtLCNXbTJOcM9eniwetaj9WQ9f1GtoVKziB/DevkE9K6l7Q==</latexit><latexit sha1_base64="fRhaEeEcsmKyM4FbD/6o2DBM6ME=">AAADHXicjVLLSsNAFD3Gd31VXboJFsFVSSTauiu40Z2CVcGKTOKowbyYTEQp/obb+jPuxK34B/oT4p1rCrqoOiHJnXPPOTN35vpZFObac V6HrOGR0bHxicnK1PTM7Fx1fuEgTwsVyHaQRqk68kUuozCRbR3qSB5lSorYj+Shf7Vl8ofXUuVhmuzr20yexOIiCc/DQGiCOp1Y6EsVd2Nxc3darTn1zUZz03NtE7hek4Omt+5t2G7d4VFDOXbT6gc6OEOKAAViSCTQFEcQyOk5hgsHGWEn6BKmKAo5L3GHCmkLYkliCEKv6HtBs+MSTWhuPHNWB7RKRK8ipY0V0qTEUxSb1WzOF+xs0EHeXfY0e7ulv196xYRqXBL6l67P/K/O1KJxjibXEFJNGSOmuqB0KfhUzM7tb1Vpc sgIM/EZ5RXFASv752yzJufazdkKzr8x06BmHpTcAu+/VueT6+Ab6fK6N3y3KTEz5laoXfo9YQ8ODtbqrlN397xaa6dsnAksYRmr1B0NtLCNXbTJOcM9eniwetaj9WQ9f1GtoVKziB/DevkE9K6l7Q==</latexit>
S0
<latexit sha1_base64="mGrUjmnYZ78qOcfcd238BIyydUc=">AAADHnicjVLLLgRBFD3ae7wGS5uOicRq0i3NjJ3Ehh1hkDCR6lLo6JfuaiET32HLz9iJLX/AT4hbV0/CYlCd7r517jmn6lZdPw2DXDvOa 5/VPzA4NDwyWhkbn5icqk7P7OVJkUnVkkmYZAe+yFUYxKqlAx2qgzRTIvJDte9frJv8/pXK8iCJd/VNqtqROIuD00AKTVD7KBL6XIqws3N77BxXa059tdFc9VzbBK7X5KDpLXsrtlt3eNRQjq2k+oEjnCCBRIEICjE0xSEEcnoO4cJBSlgbHcIyigLOK9yiQtqCWIoYgtAL+p7R7LBEY5obz5zVklYJ6c1IaWOBNAnxMorNajbnC3Y2aC/vDnuavd3Q3y+9IkI1zgn9S9dl/ldnatE4RZNrCKimlBFTnSxdCj4Vs3P7W1WaH FLCTHxC+YxiycruOdusybl2c7aC82/MNKiZy5Jb4P3X6nxy7X0jHV73mu82IWbK3Aq1S7cn7N7B3lLdderutldb2ywbZwRzmMcidUcDa9jAFlrkfIk73OPBurcerSfr+Ytq9ZWaWfwY1ssn7Aml5A==</latexit><latexit sha1_base64="mGrUjmnYZ78qOcfcd238BIyydUc=">AAADHnicjVLLLgRBFD3ae7wGS5uOicRq0i3NjJ3Ehh1hkDCR6lLo6JfuaiET32HLz9iJLX/AT4hbV0/CYlCd7r517jmn6lZdPw2DXDvOa 5/VPzA4NDwyWhkbn5icqk7P7OVJkUnVkkmYZAe+yFUYxKqlAx2qgzRTIvJDte9frJv8/pXK8iCJd/VNqtqROIuD00AKTVD7KBL6XIqws3N77BxXa059tdFc9VzbBK7X5KDpLXsrtlt3eNRQjq2k+oEjnCCBRIEICjE0xSEEcnoO4cJBSlgbHcIyigLOK9yiQtqCWIoYgtAL+p7R7LBEY5obz5zVklYJ6c1IaWOBNAnxMorNajbnC3Y2aC/vDnuavd3Q3y+9IkI1zgn9S9dl/ldnatE4RZNrCKimlBFTnSxdCj4Vs3P7W1WaH FLCTHxC+YxiycruOdusybl2c7aC82/MNKiZy5Jb4P3X6nxy7X0jHV73mu82IWbK3Aq1S7cn7N7B3lLdderutldb2ywbZwRzmMcidUcDa9jAFlrkfIk73OPBurcerSfr+Ytq9ZWaWfwY1ssn7Aml5A==</latexit><latexit sha1_base64="mGrUjmnYZ78qOcfcd238BIyydUc=">AAADHnicjVLLLgRBFD3ae7wGS5uOicRq0i3NjJ3Ehh1hkDCR6lLo6JfuaiET32HLz9iJLX/AT4hbV0/CYlCd7r517jmn6lZdPw2DXDvOa 5/VPzA4NDwyWhkbn5icqk7P7OVJkUnVkkmYZAe+yFUYxKqlAx2qgzRTIvJDte9frJv8/pXK8iCJd/VNqtqROIuD00AKTVD7KBL6XIqws3N77BxXa059tdFc9VzbBK7X5KDpLXsrtlt3eNRQjq2k+oEjnCCBRIEICjE0xSEEcnoO4cJBSlgbHcIyigLOK9yiQtqCWIoYgtAL+p7R7LBEY5obz5zVklYJ6c1IaWOBNAnxMorNajbnC3Y2aC/vDnuavd3Q3y+9IkI1zgn9S9dl/ldnatE4RZNrCKimlBFTnSxdCj4Vs3P7W1WaH FLCTHxC+YxiycruOdusybl2c7aC82/MNKiZy5Jb4P3X6nxy7X0jHV73mu82IWbK3Aq1S7cn7N7B3lLdderutldb2ywbZwRzmMcidUcDa9jAFlrkfIk73OPBurcerSfr+Ytq9ZWaWfwY1ssn7Aml5A==</latexit><latexit sha1_base64="mGrUjmnYZ78qOcfcd238BIyydUc=">AAADHnicjVLLLgRBFD3ae7wGS5uOicRq0i3NjJ3Ehh1hkDCR6lLo6JfuaiET32HLz9iJLX/AT4hbV0/CYlCd7r517jmn6lZdPw2DXDvOa 5/VPzA4NDwyWhkbn5icqk7P7OVJkUnVkkmYZAe+yFUYxKqlAx2qgzRTIvJDte9frJv8/pXK8iCJd/VNqtqROIuD00AKTVD7KBL6XIqws3N77BxXa059tdFc9VzbBK7X5KDpLXsrtlt3eNRQjq2k+oEjnCCBRIEICjE0xSEEcnoO4cJBSlgbHcIyigLOK9yiQtqCWIoYgtAL+p7R7LBEY5obz5zVklYJ6c1IaWOBNAnxMorNajbnC3Y2aC/vDnuavd3Q3y+9IkI1zgn9S9dl/ldnatE4RZNrCKimlBFTnSxdCj4Vs3P7W1WaH FLCTHxC+YxiycruOdusybl2c7aC82/MNKiZy5Jb4P3X6nxy7X0jHV73mu82IWbK3Aq1S7cn7N7B3lLdderutldb2ywbZwRzmMcidUcDa9jAFlrkfIk73OPBurcerSfr+Ytq9ZWaWfwY1ssn7Aml5A==</latexit>
0
<latexit sha1_base64="J3Q0j5Qtv2e+LtPUo2AeebMGCp0=">AAADEnicjVLLSsNAFD2Nr1pfVZdugkVwVRKJ2u4KbnTXgn2AiiTptIamSUgmohS/wG39GXfi1h/wD/QnxDvXFHRRdUKSM+eec2fuzHUi3 0ukYbzmtJnZufmF/GJhaXllda24vtFKwjR2RdMN/TDuOHYifC8QTelJX3SiWNhDxxdtZ3Ck4u1rESdeGJzK20hcDO1+4PU815ZENYzLYskoVw8rVcvUFTCtCoOKtW8d6GbZ4FFCNuph8QPn6CKEixRDCASQhH3YSOg5gwkDEXEXGBEXE/I4LnCHAnlTUglS2MQO6Nun2VnGBjRXORN2u7SKT29MTh075AlJFxNWq+kcTzmzYqflHnFOtbdb+jtZriGxElfE/uWbKP/rU7VI9FDhGjyqKWJGVedmWVI+FbVz/VtVkjJExCncp XhM2GXn5Jx19iRcuzpbm+NvrFSsmruZNsX7r9U5lHX6jYx43Ru+25CUEWsL1C6TntCng9Ze2TTKZsMq1U6yxsljC9vYpe44RA3HqKPJO73HGA/aWHvUnrTnL6mWyzyb+DG0l0/ySqCM</latexit><latexit sha1_base64="J3Q0j5Qtv2e+LtPUo2AeebMGCp0=">AAADEnicjVLLSsNAFD2Nr1pfVZdugkVwVRKJ2u4KbnTXgn2AiiTptIamSUgmohS/wG39GXfi1h/wD/QnxDvXFHRRdUKSM+eec2fuzHUi3 0ukYbzmtJnZufmF/GJhaXllda24vtFKwjR2RdMN/TDuOHYifC8QTelJX3SiWNhDxxdtZ3Ck4u1rESdeGJzK20hcDO1+4PU815ZENYzLYskoVw8rVcvUFTCtCoOKtW8d6GbZ4FFCNuph8QPn6CKEixRDCASQhH3YSOg5gwkDEXEXGBEXE/I4LnCHAnlTUglS2MQO6Nun2VnGBjRXORN2u7SKT29MTh075AlJFxNWq+kcTzmzYqflHnFOtbdb+jtZriGxElfE/uWbKP/rU7VI9FDhGjyqKWJGVedmWVI+FbVz/VtVkjJExCncp XhM2GXn5Jx19iRcuzpbm+NvrFSsmruZNsX7r9U5lHX6jYx43Ru+25CUEWsL1C6TntCng9Ze2TTKZsMq1U6yxsljC9vYpe44RA3HqKPJO73HGA/aWHvUnrTnL6mWyzyb+DG0l0/ySqCM</latexit><latexit sha1_base64="J3Q0j5Qtv2e+LtPUo2AeebMGCp0=">AAADEnicjVLLSsNAFD2Nr1pfVZdugkVwVRKJ2u4KbnTXgn2AiiTptIamSUgmohS/wG39GXfi1h/wD/QnxDvXFHRRdUKSM+eec2fuzHUi3 0ukYbzmtJnZufmF/GJhaXllda24vtFKwjR2RdMN/TDuOHYifC8QTelJX3SiWNhDxxdtZ3Ck4u1rESdeGJzK20hcDO1+4PU815ZENYzLYskoVw8rVcvUFTCtCoOKtW8d6GbZ4FFCNuph8QPn6CKEixRDCASQhH3YSOg5gwkDEXEXGBEXE/I4LnCHAnlTUglS2MQO6Nun2VnGBjRXORN2u7SKT29MTh075AlJFxNWq+kcTzmzYqflHnFOtbdb+jtZriGxElfE/uWbKP/rU7VI9FDhGjyqKWJGVedmWVI+FbVz/VtVkjJExCncp XhM2GXn5Jx19iRcuzpbm+NvrFSsmruZNsX7r9U5lHX6jYx43Ru+25CUEWsL1C6TntCng9Ze2TTKZsMq1U6yxsljC9vYpe44RA3HqKPJO73HGA/aWHvUnrTnL6mWyzyb+DG0l0/ySqCM</latexit><latexit sha1_base64="J3Q0j5Qtv2e+LtPUo2AeebMGCp0=">AAADEnicjVLLSsNAFD2Nr1pfVZdugkVwVRKJ2u4KbnTXgn2AiiTptIamSUgmohS/wG39GXfi1h/wD/QnxDvXFHRRdUKSM+eec2fuzHUi3 0ukYbzmtJnZufmF/GJhaXllda24vtFKwjR2RdMN/TDuOHYifC8QTelJX3SiWNhDxxdtZ3Ck4u1rESdeGJzK20hcDO1+4PU815ZENYzLYskoVw8rVcvUFTCtCoOKtW8d6GbZ4FFCNuph8QPn6CKEixRDCASQhH3YSOg5gwkDEXEXGBEXE/I4LnCHAnlTUglS2MQO6Nun2VnGBjRXORN2u7SKT29MTh075AlJFxNWq+kcTzmzYqflHnFOtbdb+jtZriGxElfE/uWbKP/rU7VI9FDhGjyqKWJGVedmWVI+FbVz/VtVkjJExCncp XhM2GXn5Jx19iRcuzpbm+NvrFSsmruZNsX7r9U5lHX6jYx43Ru+25CUEWsL1C6TntCng9Ze2TTKZsMq1U6yxsljC9vYpe44RA3HqKPJO73HGA/aWHvUnrTnL6mWyzyb+DG0l0/ySqCM</latexit>
V[Diso] (µm4/ms2)
<latexit sha1_base64="Z1t9XgeXBeudnRJDGpYl4XbkAgI=">AAACfnicbVFNT+MwEHXDx/KxyxY4crGoW LHSbklKEam4IMEBbiDRgpSEynHdYmHHkT1BVFb+JhK/hAsHklAQBUay9ebNjGfmOU4FN+C6jzVnZnZu/sfC4tLyz18rv+uraz2jMk1Zlyqh9FVMDBM8YV3gINhVqhmRsWCX8e1RGb+8Y9pwlVzAOGWRJKOEDzklUFD9emrD6 pFAj+LIus2Ov+e2/H8VaHm7FWh3/N08lARutLS9PDjuvzncqDwKD/B2COwebHXL7D1X5tftnXfH5Netv3m/3nCbbmX4K/AmoIEmdtavP4UDRTPJEqCCGBN4bgqRJRo4FSxfCjPDUkJvyYgFBUyIZCay1VI53iqYAR4qXZwEc MV+rLBEGjOWcZFZjmk+x0ryu1iQwdCPLE/SDFhCXxsNM4FB4VJmPOCaURDjAhCqeTErpjdEEwrFZ0x1ieXUDrbUkCqZlkp5n3X5Cnqtptduds7bjcPTiWYLaANtom3koX10iE7QGeoiih7Qc22uNu8g54/z39l5TXVqk5p1N GWO/wL2/MHx</latexit>
8
<latexit sha1_base64="H5rnfZ2Bj3iieGg4z8FwFpA/mlQ=">AAACOHicbZDLSsNAFIYnXmu9VV26CRZBRELSVkx3BTe6q2Av0IYymU7aoTNJmDkRS+g7+DQu3OhruHMnbt24NU2zsK0HBj7+c53fDTlTY Jrv2srq2vrGZm4rv72zu7dfODhsqiCShDZIwAPZdrGinPm0AQw4bYeSYuFy2nJH19N864FKxQL/HsYhdQQe+MxjBEMi9QrncTcd0pED14lNo2pfmiX7IoWSVU6hUrXLE3vSKxRNw0xDXwYrgyLKot4r/HT7AYkE9YFwrFTHMkNwYiyBEU4n+W6kaIjJCA9oJ0EfC6qcOD1nop8mSl/3Apk8H/RU/dsRY6HUWLhJpcAwVIu5qfhfrhOBZzsx88MIqE9mi7yI6xDoU4P0PpOUAB8ngIlkya06GWKJCSQ2zm1xxdwfYqCPQAIRT p2yFn1ZhmbJsCpG9a5SrN1mnuXQMTpBZ8hCV6iGblAdNRBBT+gZvaI37UX70D61r1npipb1HKG50L5/AQq5qjQ=</latexit>
z
<latexit sha1_base64="ZzwSsMFXUiFeqDvuY7yZDh3pzcY=">AAADEnicjVLLSsNAFD2N7/qqunQTLIKrkGpq605wo7sW7ANqkSSdajBNQjIRtfgFbvVn 3Ilbf8A/0J8Q71xT0EXVCUnunHvOmbkz14l8L5Gm+ZrTJianpmdm5/LzC4tLy4WV1WYSprErGm7oh3HbsRPhe4FoSE/6oh3Fwh44vmg5Fwcq37oUceKFwbG8jkR3YJ8FXt9zbUlQ/ea0UDQNc9eyypZuGuWd3UqlTMHeXtWqlvWSYfIoIhu1sPCBE/QQwkWKAQQCSIp92Ejo6aAEExFhXQwJiynyOC9wizxpU2IJYtiEXtD 3jGadDA1orjwTVru0ik9vTEodm6QJiRdTrFbTOZ+ys0LHeQ/ZU+3tmv5O5jUgVOKc0L90I+Z/daoWiT6qXINHNUWMqOrczCXlU1E7179VJckhIkzFPcrHFLusHJ2zzpqEa1dna3P+jZkKVXM346Z4/7U6h1zH38iQ173iuw2JGTE3T+0y6gl9fNDcNkqmUapbxf2jrHFmsY4NbFF3VLCPQ9TQ4J3e4R4P2r32qD1pz19ULZd p1vBjaC+fqpmg0Q==</latexit><latexit sha1_base64="ZzwSsMFXUiFeqDvuY7yZDh3pzcY=">AAADEnicjVLLSsNAFD2N7/qqunQTLIKrkGpq605wo7sW7ANqkSSdajBNQjIRtfgFbvVn 3Ilbf8A/0J8Q71xT0EXVCUnunHvOmbkz14l8L5Gm+ZrTJianpmdm5/LzC4tLy4WV1WYSprErGm7oh3HbsRPhe4FoSE/6oh3Fwh44vmg5Fwcq37oUceKFwbG8jkR3YJ8FXt9zbUlQ/ea0UDQNc9eyypZuGuWd3UqlTMHeXtWqlvWSYfIoIhu1sPCBE/QQwkWKAQQCSIp92Ejo6aAEExFhXQwJiynyOC9wizxpU2IJYtiEXtD 3jGadDA1orjwTVru0ik9vTEodm6QJiRdTrFbTOZ+ys0LHeQ/ZU+3tmv5O5jUgVOKc0L90I+Z/daoWiT6qXINHNUWMqOrczCXlU1E7179VJckhIkzFPcrHFLusHJ2zzpqEa1dna3P+jZkKVXM346Z4/7U6h1zH38iQ173iuw2JGTE3T+0y6gl9fNDcNkqmUapbxf2jrHFmsY4NbFF3VLCPQ9TQ4J3e4R4P2r32qD1pz19ULZd p1vBjaC+fqpmg0Q==</latexit><latexit sha1_base64="ZzwSsMFXUiFeqDvuY7yZDh3pzcY=">AAADEnicjVLLSsNAFD2N7/qqunQTLIKrkGpq605wo7sW7ANqkSSdajBNQjIRtfgFbvVn 3Ilbf8A/0J8Q71xT0EXVCUnunHvOmbkz14l8L5Gm+ZrTJianpmdm5/LzC4tLy4WV1WYSprErGm7oh3HbsRPhe4FoSE/6oh3Fwh44vmg5Fwcq37oUceKFwbG8jkR3YJ8FXt9zbUlQ/ea0UDQNc9eyypZuGuWd3UqlTMHeXtWqlvWSYfIoIhu1sPCBE/QQwkWKAQQCSIp92Ejo6aAEExFhXQwJiynyOC9wizxpU2IJYtiEXtD 3jGadDA1orjwTVru0ik9vTEodm6QJiRdTrFbTOZ+ys0LHeQ/ZU+3tmv5O5jUgVOKc0L90I+Z/daoWiT6qXINHNUWMqOrczCXlU1E7179VJckhIkzFPcrHFLusHJ2zzpqEa1dna3P+jZkKVXM346Z4/7U6h1zH38iQ173iuw2JGTE3T+0y6gl9fNDcNkqmUapbxf2jrHFmsY4NbFF3VLCPQ9TQ4J3e4R4P2r32qD1pz19ULZd p1vBjaC+fqpmg0Q==</latexit><latexit sha1_base64="ZzwSsMFXUiFeqDvuY7yZDh3pzcY=">AAADEnicjVLLSsNAFD2N7/qqunQTLIKrkGpq605wo7sW7ANqkSSdajBNQjIRtfgFbvVn 3Ilbf8A/0J8Q71xT0EXVCUnunHvOmbkz14l8L5Gm+ZrTJianpmdm5/LzC4tLy4WV1WYSprErGm7oh3HbsRPhe4FoSE/6oh3Fwh44vmg5Fwcq37oUceKFwbG8jkR3YJ8FXt9zbUlQ/ea0UDQNc9eyypZuGuWd3UqlTMHeXtWqlvWSYfIoIhu1sPCBE/QQwkWKAQQCSIp92Ejo6aAEExFhXQwJiynyOC9wizxpU2IJYtiEXtD 3jGadDA1orjwTVru0ik9vTEodm6QJiRdTrFbTOZ+ys0LHeQ/ZU+3tmv5O5jUgVOKc0L90I+Z/daoWiT6qXINHNUWMqOrczCXlU1E7179VJckhIkzFPcrHFLusHJ2zzpqEa1dna3P+jZkKVXM346Z4/7U6h1zH38iQ173iuw2JGTE3T+0y6gl9fNDcNkqmUapbxf2jrHFmsY4NbFF3VLCPQ9TQ4J3e4R4P2r32qD1pz19ULZd p1vBjaC+fqpmg0Q==</latexit>
y
<latexit sha1_base64="L5YQG6nUG0TkY7IwbpMfUOmf6Zg=">AAADEnicjVLLTttAFD24tA3pK7RLNhZRJVaRnSZAdkjdtLtEIhApRch2BmrFL9njqlHE F3Sb/kx3FVt+gD+An0CcuXWksgjtWLbvnHvOmbkz18+isNCOc71mPVl/+ux5baP+4uWr128am2+PirTMAzUM0ijNR75XqChM1FCHOlKjLFde7Efq2J9+NPnjbyovwjQ51LNMncTeeRKehYGnCQ1mp42m03L22u3eB9tp7fd2e22Xgdtxu91d2205MpqoRj9t3OELJkgRoEQMhQSacQQPBZ8xXDjIiJ1gTixnFEpe4QJ1aku yFBke0Sm/55yNKzTh3HgWog64SsQ3p9LGe2pS8nLGZjVb8qU4G3SV91w8zd5m/PuVV0xU4yvRf+mWzP/VmVo0zrAvNYSsKRPEVBdULqWcitm5/VdVmg4ZMRNPmM8ZB6JcnrMtmkJqN2frSf5GmAY186Dilrh9tDqfrqtvZC7rfpe7TcnMhFtnuyx7wl4dHLVbLnto0GkefK4ap4YtbGOH3bGHA3xCH0PZ6Q8s8NNaWL+s39b lH6q1Vmne4cGwru4BdwygvQ==</latexit><latexit sha1_base64="L5YQG6nUG0TkY7IwbpMfUOmf6Zg=">AAADEnicjVLLTttAFD24tA3pK7RLNhZRJVaRnSZAdkjdtLtEIhApRch2BmrFL9njqlHE F3Sb/kx3FVt+gD+An0CcuXWksgjtWLbvnHvOmbkz18+isNCOc71mPVl/+ux5baP+4uWr128am2+PirTMAzUM0ijNR75XqChM1FCHOlKjLFde7Efq2J9+NPnjbyovwjQ51LNMncTeeRKehYGnCQ1mp42m03L22u3eB9tp7fd2e22Xgdtxu91d2205MpqoRj9t3OELJkgRoEQMhQSacQQPBZ8xXDjIiJ1gTixnFEpe4QJ1aku yFBke0Sm/55yNKzTh3HgWog64SsQ3p9LGe2pS8nLGZjVb8qU4G3SV91w8zd5m/PuVV0xU4yvRf+mWzP/VmVo0zrAvNYSsKRPEVBdULqWcitm5/VdVmg4ZMRNPmM8ZB6JcnrMtmkJqN2frSf5GmAY186Dilrh9tDqfrqtvZC7rfpe7TcnMhFtnuyx7wl4dHLVbLnto0GkefK4ap4YtbGOH3bGHA3xCH0PZ6Q8s8NNaWL+s39b lH6q1Vmne4cGwru4BdwygvQ==</latexit><latexit sha1_base64="L5YQG6nUG0TkY7IwbpMfUOmf6Zg=">AAADEnicjVLLTttAFD24tA3pK7RLNhZRJVaRnSZAdkjdtLtEIhApRch2BmrFL9njqlHE F3Sb/kx3FVt+gD+An0CcuXWksgjtWLbvnHvOmbkz18+isNCOc71mPVl/+ux5baP+4uWr128am2+PirTMAzUM0ijNR75XqChM1FCHOlKjLFde7Efq2J9+NPnjbyovwjQ51LNMncTeeRKehYGnCQ1mp42m03L22u3eB9tp7fd2e22Xgdtxu91d2205MpqoRj9t3OELJkgRoEQMhQSacQQPBZ8xXDjIiJ1gTixnFEpe4QJ1aku yFBke0Sm/55yNKzTh3HgWog64SsQ3p9LGe2pS8nLGZjVb8qU4G3SV91w8zd5m/PuVV0xU4yvRf+mWzP/VmVo0zrAvNYSsKRPEVBdULqWcitm5/VdVmg4ZMRNPmM8ZB6JcnrMtmkJqN2frSf5GmAY186Dilrh9tDqfrqtvZC7rfpe7TcnMhFtnuyx7wl4dHLVbLnto0GkefK4ap4YtbGOH3bGHA3xCH0PZ6Q8s8NNaWL+s39b lH6q1Vmne4cGwru4BdwygvQ==</latexit><latexit sha1_base64="L5YQG6nUG0TkY7IwbpMfUOmf6Zg=">AAADEnicjVLLTttAFD24tA3pK7RLNhZRJVaRnSZAdkjdtLtEIhApRch2BmrFL9njqlHE F3Sb/kx3FVt+gD+An0CcuXWksgjtWLbvnHvOmbkz18+isNCOc71mPVl/+ux5baP+4uWr128am2+PirTMAzUM0ijNR75XqChM1FCHOlKjLFde7Efq2J9+NPnjbyovwjQ51LNMncTeeRKehYGnCQ1mp42m03L22u3eB9tp7fd2e22Xgdtxu91d2205MpqoRj9t3OELJkgRoEQMhQSacQQPBZ8xXDjIiJ1gTixnFEpe4QJ1aku yFBke0Sm/55yNKzTh3HgWog64SsQ3p9LGe2pS8nLGZjVb8qU4G3SV91w8zd5m/PuVV0xU4yvRf+mWzP/VmVo0zrAvNYSsKRPEVBdULqWcitm5/VdVmg4ZMRNPmM8ZB6JcnrMtmkJqN2frSf5GmAY186Dilrh9tDqfrqtvZC7rfpe7TcnMhFtnuyx7wl4dHLVbLnto0GkefK4ap4YtbGOH3bGHA3xCH0PZ6Q8s8NNaWL+s39b lH6q1Vmne4cGwru4BdwygvQ==</latexit>
x
<latexit sha1_base64="EIAeTgdHbpSoKgJnS8v2kWzF6pU=">AAADEnicjVLLTttAFD24Lwi0DWXJxmpUiVU0DqGQXSQ2sEukBpBohGxnoFYc27LHFSjq F3QLP9NdxZYf4A/gJxBnbh2pXQQ6lu07555zZu7MDbI4KoxStwvOi5evXr9ZXKotr7x9976++uGgSMs81IMwjdP8KPALHUeJHpjIxPooy7U/CWJ9GIx3bf7wu86LKE2+mItMDyf+WRKdRqFvCPXPT+oN1ey0tzfVlquanueprQ4DtdlSn9uu11QyGqhGL60/4CtGSBGixAQaCQzjGD4KPsfwoJARG2JKLGcUSV7jB2rUlmR pMnyiY37PODuu0IRz61mIOuQqMd+cShefqEnJyxnb1VzJl+Js0XneU/G0e7vgP6i8JkQNvhF9Tjdj/q/O1mJwih2pIWJNmSC2urByKeVU7M7dv6oydMiI2XjEfM44FOXsnF3RFFK7PVtf8nfCtKidhxW3xP2T1QV0nX8jU1n3XO42JTMTbo3tMusJd35w0Gp6bKZ+u9HdrxpnEev4iA12xza62EMPA9npT1ziyrl0fjm/nes /VGeh0qzhn+HcPAJAe6Co</latexit><latexit sha1_base64="EIAeTgdHbpSoKgJnS8v2kWzF6pU=">AAADEnicjVLLTttAFD24Lwi0DWXJxmpUiVU0DqGQXSQ2sEukBpBohGxnoFYc27LHFSjq F3QLP9NdxZYf4A/gJxBnbh2pXQQ6lu07555zZu7MDbI4KoxStwvOi5evXr9ZXKotr7x9976++uGgSMs81IMwjdP8KPALHUeJHpjIxPooy7U/CWJ9GIx3bf7wu86LKE2+mItMDyf+WRKdRqFvCPXPT+oN1ey0tzfVlquanueprQ4DtdlSn9uu11QyGqhGL60/4CtGSBGixAQaCQzjGD4KPsfwoJARG2JKLGcUSV7jB2rUlmR pMnyiY37PODuu0IRz61mIOuQqMd+cShefqEnJyxnb1VzJl+Js0XneU/G0e7vgP6i8JkQNvhF9Tjdj/q/O1mJwih2pIWJNmSC2urByKeVU7M7dv6oydMiI2XjEfM44FOXsnF3RFFK7PVtf8nfCtKidhxW3xP2T1QV0nX8jU1n3XO42JTMTbo3tMusJd35w0Gp6bKZ+u9HdrxpnEev4iA12xza62EMPA9npT1ziyrl0fjm/nes /VGeh0qzhn+HcPAJAe6Co</latexit><latexit sha1_base64="EIAeTgdHbpSoKgJnS8v2kWzF6pU=">AAADEnicjVLLTttAFD24Lwi0DWXJxmpUiVU0DqGQXSQ2sEukBpBohGxnoFYc27LHFSjq F3QLP9NdxZYf4A/gJxBnbh2pXQQ6lu07555zZu7MDbI4KoxStwvOi5evXr9ZXKotr7x9976++uGgSMs81IMwjdP8KPALHUeJHpjIxPooy7U/CWJ9GIx3bf7wu86LKE2+mItMDyf+WRKdRqFvCPXPT+oN1ey0tzfVlquanueprQ4DtdlSn9uu11QyGqhGL60/4CtGSBGixAQaCQzjGD4KPsfwoJARG2JKLGcUSV7jB2rUlmR pMnyiY37PODuu0IRz61mIOuQqMd+cShefqEnJyxnb1VzJl+Js0XneU/G0e7vgP6i8JkQNvhF9Tjdj/q/O1mJwih2pIWJNmSC2urByKeVU7M7dv6oydMiI2XjEfM44FOXsnF3RFFK7PVtf8nfCtKidhxW3xP2T1QV0nX8jU1n3XO42JTMTbo3tMusJd35w0Gp6bKZ+u9HdrxpnEev4iA12xza62EMPA9npT1ziyrl0fjm/nes /VGeh0qzhn+HcPAJAe6Co</latexit><latexit sha1_base64="EIAeTgdHbpSoKgJnS8v2kWzF6pU=">AAADEnicjVLLTttAFD24Lwi0DWXJxmpUiVU0DqGQXSQ2sEukBpBohGxnoFYc27LHFSjq F3QLP9NdxZYf4A/gJxBnbh2pXQQ6lu07555zZu7MDbI4KoxStwvOi5evXr9ZXKotr7x9976++uGgSMs81IMwjdP8KPALHUeJHpjIxPooy7U/CWJ9GIx3bf7wu86LKE2+mItMDyf+WRKdRqFvCPXPT+oN1ey0tzfVlquanueprQ4DtdlSn9uu11QyGqhGL60/4CtGSBGixAQaCQzjGD4KPsfwoJARG2JKLGcUSV7jB2rUlmR pMnyiY37PODuu0IRz61mIOuQqMd+cShefqEnJyxnb1VzJl+Js0XneU/G0e7vgP6i8JkQNvhF9Tjdj/q/O1mJwih2pIWJNmSC2urByKeVU7M7dv6oydMiI2XjEfM44FOXsnF3RFFK7PVtf8nfCtKidhxW3xP2T1QV0nX8jU1n3XO42JTMTbo3tMusJd35w0Gp6bKZ+u9HdrxpnEev4iA12xza62EMPA9npT1ziyrl0fjm/nes /VGeh0qzhn+HcPAJAe6Co</latexit>
0.7
<latexit sha1_base64="SuNF4qFOd6+xuZrYHhorOjUxbgQ=">AAACOnicbZDLTsJAFIaneEO8oS7dNBITF6RpAQPsSNzoDhO5JNCQ6TCFCTNtM3NqJE1fwqdx4Ubfwq0749bEraWwEPAkk3z5z3V+J+BMgWm+a 5mNza3tnexubm//4PAof3zSVn4oCW0Rn/uy62BFOfNoCxhw2g0kxcLhtONMrmf5zgOVivnePUwDags88pjLCIZEGuSLUT8d0pMjx45Mo167Mku1Ygolq5xCpV4rx6ZRjQf5gmmYaejrYC2ggBbRHOR/+kOfhIJ6QDhWqmeZAdgRlsAIp3GuHyoaYDLBI9pL0MOCKjtKD4r1i0QZ6q4vk+eBnqp/OyIslJoKJ6kUGMZqNTcT/8v1QnBrdsS8IATqkfkiN+Q6+PrMIn3IJCXApwlgIllyq07GWGICiZFLWxyx9IcI6CMQXwQzp6xVX9ahXTK silG/qxQatwvPsugMnaNLZKEqaqAb1EQtRNATekav6E170T60T+1rXprRFj2naCm0718HPqql</latexit>
Intensity
<latexit sha1_base64="fC1pbQ5kwbuGB6lBp6rk/4o5OTo=">AAACSXicbZBNS8NAEIY39avWr6pHL8EieJCStBVbvBS86E3BfkAbyma7bZfubsLuRCwhP8Zf48GLHv0ZnhRPbmIPVh1YeHhnZmfm9UPONDjOq5Vb Wl5ZXcuvFzY2t7Z3irt7bR1EitAWCXiguj7WlDNJW8CA026oKBY+px1/epHmO3dUaRbIW5iF1BN4LNmIEQxGGhTP4372SU+NfS92yo36qVOpn2RQcasZ1Br1atIXGCZKxFcSqNQMZkkyKJacspOF/RfcOZTQPK4Hxff+MCCRoBIIx1r3XCcEL8YKGOE0KfQjTUNMpnhMewYlFlR7cbZfYh8ZZWiPAmWeBDtTf3bEWGg9E76pTFfVv3Op+F+uF8Go7sVMhpG5jHwPGkXchsBOHbOHTFECfGYAE8XMrjaZYIUJGF8Xpvhi4YYY6D2QQISpU+5vX/5 Cu1J2a+XGTa3UvJp7lkcH6BAdIxedoSa6RNeohQh6QI/oGb1YT9ab9WF9fpfmrHnPPlqI3NIX3j+xSw==</latexit>
0
<latexit sha1_base64="J3Q0j5Qtv2e+LtPUo2AeebMGCp0=">AAADEnicjVLLSsNAFD2Nr1pfVZdugkVwVRKJ2u4KbnTXgn2AiiTptIamSUgmohS/wG39GXfi1h/wD/QnxDvXFHRRdUKSM+eec2fuzHUi3 0ukYbzmtJnZufmF/GJhaXllda24vtFKwjR2RdMN/TDuOHYifC8QTelJX3SiWNhDxxdtZ3Ck4u1rESdeGJzK20hcDO1+4PU815ZENYzLYskoVw8rVcvUFTCtCoOKtW8d6GbZ4FFCNuph8QPn6CKEixRDCASQhH3YSOg5gwkDEXEXGBEXE/I4LnCHAnlTUglS2MQO6Nun2VnGBjRXORN2u7SKT29MTh075AlJFxNWq+kcTzmzYqflHnFOtbdb+jtZriGxElfE/uWbKP/rU7VI9FDhGjyqKWJGVedmWVI+FbVz/VtVkjJExCncp XhM2GXn5Jx19iRcuzpbm+NvrFSsmruZNsX7r9U5lHX6jYx43Ru+25CUEWsL1C6TntCng9Ze2TTKZsMq1U6yxsljC9vYpe44RA3HqKPJO73HGA/aWHvUnrTnL6mWyzyb+DG0l0/ySqCM</latexit><latexit sha1_base64="J3Q0j5Qtv2e+LtPUo2AeebMGCp0=">AAADEnicjVLLSsNAFD2Nr1pfVZdugkVwVRKJ2u4KbnTXgn2AiiTptIamSUgmohS/wG39GXfi1h/wD/QnxDvXFHRRdUKSM+eec2fuzHUi3 0ukYbzmtJnZufmF/GJhaXllda24vtFKwjR2RdMN/TDuOHYifC8QTelJX3SiWNhDxxdtZ3Ck4u1rESdeGJzK20hcDO1+4PU815ZENYzLYskoVw8rVcvUFTCtCoOKtW8d6GbZ4FFCNuph8QPn6CKEixRDCASQhH3YSOg5gwkDEXEXGBEXE/I4LnCHAnlTUglS2MQO6Nun2VnGBjRXORN2u7SKT29MTh075AlJFxNWq+kcTzmzYqflHnFOtbdb+jtZriGxElfE/uWbKP/rU7VI9FDhGjyqKWJGVedmWVI+FbVz/VtVkjJExCncp XhM2GXn5Jx19iRcuzpbm+NvrFSsmruZNsX7r9U5lHX6jYx43Ru+25CUEWsL1C6TntCng9Ze2TTKZsMq1U6yxsljC9vYpe44RA3HqKPJO73HGA/aWHvUnrTnL6mWyzyb+DG0l0/ySqCM</latexit><latexit sha1_base64="J3Q0j5Qtv2e+LtPUo2AeebMGCp0=">AAADEnicjVLLSsNAFD2Nr1pfVZdugkVwVRKJ2u4KbnTXgn2AiiTptIamSUgmohS/wG39GXfi1h/wD/QnxDvXFHRRdUKSM+eec2fuzHUi3 0ukYbzmtJnZufmF/GJhaXllda24vtFKwjR2RdMN/TDuOHYifC8QTelJX3SiWNhDxxdtZ3Ck4u1rESdeGJzK20hcDO1+4PU815ZENYzLYskoVw8rVcvUFTCtCoOKtW8d6GbZ4FFCNuph8QPn6CKEixRDCASQhH3YSOg5gwkDEXEXGBEXE/I4LnCHAnlTUglS2MQO6Nun2VnGBjRXORN2u7SKT29MTh075AlJFxNWq+kcTzmzYqflHnFOtbdb+jtZriGxElfE/uWbKP/rU7VI9FDhGjyqKWJGVedmWVI+FbVz/VtVkjJExCncp XhM2GXn5Jx19iRcuzpbm+NvrFSsmruZNsX7r9U5lHX6jYx43Ru+25CUEWsL1C6TntCng9Ze2TTKZsMq1U6yxsljC9vYpe44RA3HqKPJO73HGA/aWHvUnrTnL6mWyzyb+DG0l0/ySqCM</latexit><latexit sha1_base64="J3Q0j5Qtv2e+LtPUo2AeebMGCp0=">AAADEnicjVLLSsNAFD2Nr1pfVZdugkVwVRKJ2u4KbnTXgn2AiiTptIamSUgmohS/wG39GXfi1h/wD/QnxDvXFHRRdUKSM+eec2fuzHUi3 0ukYbzmtJnZufmF/GJhaXllda24vtFKwjR2RdMN/TDuOHYifC8QTelJX3SiWNhDxxdtZ3Ck4u1rESdeGJzK20hcDO1+4PU815ZENYzLYskoVw8rVcvUFTCtCoOKtW8d6GbZ4FFCNuph8QPn6CKEixRDCASQhH3YSOg5gwkDEXEXGBEXE/I4LnCHAnlTUglS2MQO6Nun2VnGBjRXORN2u7SKT29MTh075AlJFxNWq+kcTzmzYqflHnFOtbdb+jtZriGxElfE/uWbKP/rU7VI9FDhGjyqKWJGVedmWVI+FbVz/VtVkjJExCncp XhM2GXn5Jx19iRcuzpbm+NvrFSsmruZNsX7r9U5lHX6jYx43Ru+25CUEWsL1C6TntCng9Ze2TTKZsMq1U6yxsljC9vYpe44RA3HqKPJO73HGA/aWHvUnrTnL6mWyzyb+DG0l0/ySqCM</latexit>
Color
<latexit sha1_base64="da8HYfZiiC1cZ4LzOvYfNwm3P3g=">AAACRXicbZDLSsNAFIYnXmu9VV26CRbBhZSkrbTdFdzoroK9QBPKZDpth84kYeZELCGP4tO4cKMP4EO4E11qkmZhWw8MfPznOr/jc6bAMN61tfWNza3t3E5+d 2//4LBwdNxRXiAJbROPe7LnYEU5c2kbGHDa8yXFwuG060yvk3z3gUrFPPceZj61BR67bMQIhlgaFGqhlQ7py7Fjh0apUb8yyvXLFMpmJYVqo16JLIFhIkWYjoyiQaFolIw09FUwMyiiLFqDwrc19EggqAuEY6X6puGDHWIJjHAa5a1AUR+TKR7TfowuFlTZYXpbpJ/HylAfeTJ+Luip+rcjxEKpmXDiyuRMtZxLxP9y/QBGdTtkrh8Adcl80SjgOnh64pY+ZJIS4LMYMJEsvlUnEywxgdjThS2OWPhDCPQRiCf8xClz2ZdV6JRLZrXUuKsWm7eZZzl0is7QBTJRDTXRDW qhNiLoCT2jV/SmvWgf2qf2NS9d07KeE7QQ2s8vC4qwWg==</latexit>
DEC-FA
<latexit sha1_base64="5QMNq0h31lVeVrcGucXjCxJUVn8=">AAACH3icbZDLTgIxFIY7eEO8oS7dTCQmLpTMACrsMKjRHSZySWBCOqVAQ+eS9oyRTOZN3PgqblxojHHH21gGFgqepMmX/z+nPf1tnzMJhjHWEk vLK6tryfXUxubW9k56d68uvUAQWiMe90TTxpJy5tIaMOC06QuKHZvThj2sTPzGIxWSee4DjHxqObjvsh4jGJTUSZ+H7fiSlujbVmhkS8UzI1c8iSFn5mMolIr5qA30CcKr68rpzWUUddIZI2vEpS+COYMMmlW1k/5udz0SONQFwrGULdPwwQqxAEY4jVLtQFIfkyHu05ZCFztUWmG8WqQfKaWr9zyhjgt6rP6eCLEj5cixVaeDYSDnvYn4n9cKoFe0Qub6AVCXTB/qBVwHT5+EpXeZoAT4SAEmgqlddTLAAhNQkaZUCOb8lxehnsuahWzp vpAp383iSKIDdIiOkYkuUBndoiqqIYKe0St6Rx/ai/amfWpf09aENpvZR39KG/8AnfefCA==</latexit>
DEC-E˜[D2aniso]
<latexit sha1_base64="RHPkJYlc/hbquBY1+AP3mXGHjoM=">AAACQ3icbZDLahsxFIY17iWu04uTLLsZagJdNGbGdom9M9iGdudAnITOTIxGPnZENJpBOhNixLxbN3mB7voC3XTRUrotVB670MY9IPj0n4 uO/jgTXKPnfXYqDx4+erxTfVLbffrs+Yv63v6ZTnPFYMJSkaqLmGoQXMIEOQq4yBTQJBZwHl8PVvnzG1Cap/IUlxlECV1IPueMopWm9Q8mLIcEahFHxmv2um+9VvdNCS2/XUKn120XIcItmuFocGSRixmYMKF4pRIzKopgOP1zo5LrtLhsRcW03vCaXhnuNvgbaJBNjKf1T+EsZXkCEpmgWge+l2FkqELOBBS1MNeQUXZNFxBYlDQBHZly/cI9tMrMnafKHoluqf7dYWii9TKJbeVqU30/txL/lwtynHcjw2WWI0i2fmieCxdT d2WoO+MKGIqlBcoUt7u67IoqytDaXrMm+Pe/vA1nrabfafZOOo3++40dVfKSvCKviU+OSZ+8I2MyIYx8JF/IN/LduXO+Oj+cn+vSirPpOSD/hPPrN8kPr1M=</latexit>
Figure 3. Parameter maps estimated with mv-Gamma. The greyscale maps feature the average measured b = 0 signal S0,measured
for comparison with the estimated S0 map, and the mean isotropic diffusivity E[Diso] and variance of isotropic diffusivities
V[Diso] (see Section IIA). In particular, V[Diso] presents large values compared to a reasonable upper bound of 1.21 µm4/ms2
obtained for a voxel containing equal proportions of free water (Diso = 3 µm2/ms) and white matter (Diso = 0.8 µm2/ms). As
for the directionally encoded color (DEC) maps,114 their respective intensities are given by the fractional anisotropy (FA)115 and
the normalized mean squared anisotropy E˜[D2aniso]. Their colors code for the orientation of the main eigenvector u ≡ (ux, uy, uz)
of the mean diffusion tensor 〈D〉 retrieved with mv-Gamma (see Equation 22) according to [red, green, blue] = [|ux|, |uy|, |uz|],
where x, y and z correspond to the "left-right", "anterior-posterior" and "superior-inferior" directions, respectively. The
yellow circles highlight regions of the centrum semiovale where the normalized mean squared anisotropy E˜[D2aniso] vanishes
unexpectedly.
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Figure 4. Statistical descriptors of interest estimated by mv-Gamma and Cov for in silico systems consisting of isotropic
components described by a bimodal distribution of Diso with constant mean isotropic diffusivity E[Diso] of (A) 0.8 µm2/ms
and (B) 2 µm2/ms. Each system was designed as a sum of two Gaussian distributions with identical standard deviations
(σ = 0.05 µm2/ms) whose separation sets the value of V[Diso]. Within each of panels A and B, the properties of the simulated
system - mean isotropic diffusivity E[Diso], normalized mean squared anisotropy E˜[D2aniso], and variance of isotropic diffusivities
V[Diso] - were estimated by fitting Cov (red circles) and mv-Gamma (blue stars) to 100 different noise realizations of the
ground-truth signal at either finite (top) or infinite (bottom) SNR (see Section III B). The various descriptors are plotted
as a function of V[Diso], with symbols indicating the medians of the descriptors across 100 noise realizations, shifted error
bars representing their interquartile ranges across 100 noise realizations, and black dashed lines denoting the ground-truth
descriptors. The center-right boxes illustrate the diffusion tensor distributions of the investigated voxel contents in terms of
green glyphs.
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Figure 5. Statistical descriptors of interest estimated by mv-Gamma and Cov for in silico systems consisting of anisotropic
components, each of which is described by a unimodal distribution of D∆ (Gaussian distribution) with constant Diso =
0.8 µm2/ms and constant standard-deviation-to-the-mean ratio of 0.1. (A) Coherent (orientationally ordered) systems with
varying normalized mean squared anisotropy E˜[D2aniso]. Notice that even though the first and third simulated systems exhibit
the same normalized mean squared anisotropy, the former contains planar anisotropic components and the latter contains
linear anisotropic components, as indicated by the subscripts "P" and "L" on the E˜[D2aniso] axis, respectively. (B) Systems with
varying orientational order parameter OP = E[P2(cosβ)], where P2(x) = (3x2 − 1)/2 is the second Legendre polynomial and
β denotes the shortest angle between a component (θ, φ) and the main eigenvector of the voxel-scale Saupe order tensor.58,116
Symbol/color conventions are identical to those of Figure 4.
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Figure 6. Statistical descriptors of interest estimated by mv-Gamma and Cov for in silico systems consisting of a mixture of an
isotropic CSF-like structure (total signal fraction fiso ∈ [0, 1], Gaussian distribution of Diso with mean 3 µm2/ms and standard
deviation 0.1 µm2/ms) and an anisotropic structure (total signal fraction equal to 1− fiso). The anisotropic structure is made
of a Watson distribution of anisotropic components with an internal distribution of D‖ (Gaussian distribution centered at
1.77 µm2/ms) and D⊥ (Gaussian distribution centered at 0.31 µm2/ms). These diffusivities come from typical values estimated
by the Magic DIAMOND model.72 The Watson distribution is set to an intermediate orientational order parameter OP = 0.4
to mimic some fiber dispersion. Symbol/color conventions are identical to those of Figure 4.
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Appendix A: Validity of the DTD description
Let us discuss the validity of the DTD description found in Ref. 12 and formulated in Equation 1. This description
is equivalent to considering a ‘snapshot’ of the combined non-Gaussian diffusion effects of restriction and exchange at a
given observational time-scale, and approximating the signal decay as a continuous weighted sum of exponential decays.
As the dMRI observational time-scale depends on the spectral content of the diffusion-encoding gradients,117–119 so do
the set of exponential decays estimated in Equation 1, and the measured DTD P(D). Such time-dependent effects arise
as a result of restricted diffusion13 and exchange,14,15 and have been measured in human-brain white matter,107,120–125
spinal cord126,127 and prostate128,129 using pulse sequences specifically designed for varying the dMRI observational
time-scale over extended ranges. Nevertheless, the DTD description holds for the limited range of long diffusion times
probed by clinical dMRI experiments in the brain.127,130–138
Appendix B: Validation on the matrix-variate Gaussian distribution
The expressions Equations 14 and 18 for the mean diffusion tensor 〈D〉 and covariance tensor C of P(D) are
validated below by using them to retrieve the known mean tensor M and covariance tensor Σ⊗Ψ of the mv-Gaussian
distribution66,77 featured in Refs. 28, 70, and 71:
PGauss(X) = 1
(2pi)9/2 Det(Σ)3/2Det(Ψ)3/2
exp
[
Tr
(
−1
2
Σ−1 · (X−M) ·Ψ−1 · (X−M)T
)]
, (B1)
where X and M are arbitrary 3×3 real matrices, and Σ,Ψ ∈ Sym+(3). To do so, we consider the moment-generating
function of this distribution:66
MGauss(Z) = exp
[
Tr
(
Z ·M + 1
2
ZT ·Σ · Z ·Ψ
)]
. (B2)
Note that similar proofs can be found in Ref. 77.
1. Mean diffusion tensor
Using Ref. 96 to compute the first-order matrix derivative of MGauss(Z), and transposing its result according to
Section II B 2, one has
∂MGauss
∂Z
= exp
[
Tr
(
Z ·M + 1
2
ZT ·Σ · Z ·Ψ
)]
× [M + Ψ · ZT ·Σ] =MGauss(Z)× [M + Ψ · ZT ·Σ] , (B3)
which immediately gives
〈X〉 = ∂MGauss
∂Z
∣∣∣∣
Z=0
= M (B4)
using Equation 14.
2. Covariance tensor
The second-order matrix derivative of MGauss(Z) equals the first-order matrix derivative of Equation B3. Using
the scalar product rule of Equation 12 and the fact that96 ∂(Ψ · ZT ·Σ)/∂Z = Σ⊗Ψ, one obtains
∂2MGauss
∂Z2
=
∂MGauss
∂Z
⊗ [M + Ψ · ZT ·Σ]+MGauss(Z)×Σ⊗Ψ , (B5)
which gives
∂2MGauss
∂Z2
∣∣∣∣
Z=0
= M⊗2 + Σ⊗Ψ (B6)
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using Equation B4, so that
C =
∂2MGauss
∂Z2
∣∣∣∣
Z=0
− ∂MGauss
∂Z
∣∣∣∣⊗2
Z=0
= Σ⊗Ψ (B7)
using Equation 18.
Appendix C: Proofs for the non-central matrix-variate Gamma distribution
1. Average diffusion tensor
Starting from the moment-generating function MΓ of the nc-mv-Gamma distribution in Equation 20, one uses
Ref. 96, transposing its result according to Section II B 2, to obtain
∂MΓ
∂Z
= [Det(I3 −Ψ · Z)]−κ exp
[
Tr
([
(I3 −Ψ · Z)−1 − I3
] ·Θ)]
×
{
κ [Det(I3 −Ψ · Z)]−1 ×Ψ · [Adj(I3 −Ψ · Z)]T + Ψ ·
[
(I3 −Ψ · Z)−1
]T ·Θ · [(I3 −Ψ · Z)−1]T} , (C1)
where the adjugate matrix (also called classical adjoint, or adjunct) is defined for a n× n matrix A by
A ·Adj(A) = Adj(A) ·A = Det(A) In . (C2)
Let us simplify the expression of Equation C1. First, one has[
(I3 −Ψ · Z)−1
]T
=
[
(I3 −Ψ · Z)T
]−1
=
(
I3 − ZT ·ΨT
)−1
= (I3 − Z ·Ψ)−1 . (C3)
Second, Equation C3 indicates that I3−Ψ ·Z is invertible because of the condition on Z ensuring the convergence of
the moment-generating function Equation 20. This implies via Equation C2 that its adjugate satisfies
Adj(I3 −Ψ · Z) = Det(I3 −Ψ · Z)× (I3 −Ψ · Z)−1 . (C4)
Finally, inserting Equations C3 and C4 in Equation C1 and using Tr(A) = Tr(AT) and Det(A) = Det(AT) yield
∂MΓ
∂Z
= [Det(I3 − Z ·Ψ)]−κ exp
[
Tr
([
(I3 − Z ·Ψ)−1 − I3
] ·Θ)]×Ψ · (I3 − Z ·Ψ)−1 · [κI3 + Θ · (I3 − Z ·Ψ)−1] ,
(C5)
or alternatively
∂MΓ
∂Z
=MΓ(Z)×Ψ · (I3 − Z ·Ψ)−1 ·
[
κI3 + Θ · (I3 − Z ·Ψ)−1
]
, (C6)
using Equation 20. Therefore, one retrieves the average diffusion tensor of the nc-mv-Gamma distribution (see
Equation 22):
〈D〉 = ∂MΓ
∂Z
∣∣∣∣
Z=0
= Ψ · [κI3 + Θ] . (C7)
2. Covariance tensor
Let us write the first-order matrix derivative ofMΓ Equation C6 as
∂MΓ
∂Z
=MΓ(Z)× F(Z) , (C8)
where
F(Z) = Ψ · (I3 − Z ·Ψ)−1 ·
[
κI3 + Θ · (I3 − Z ·Ψ)−1
]
, (C9)
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with F(Z = 0) = Ψ · [κI3 + Θ] = 〈D〉 from Equation C7. One can now use the scalar product rule of Equation 12 to
obtain
∂2MΓ
∂Z2
=
∂[MΓ(Z)× F(Z)]
∂Z
=
∂MΓ
∂Z
⊗ F(Z) +MΓ(Z)× ∂F
∂Z
, (C10)
so that
〈D⊗2〉 = ∂
2MΓ
∂Z2
∣∣∣∣
Z=0
= 〈D〉⊗2 + ∂F
∂Z
∣∣∣∣
Z=0
(C11)
and
C = 〈D⊗2〉 − 〈D〉⊗2 = ∂F
∂Z
∣∣∣∣
Z=0
. (C12)
Using Ref. 96 and transposing its result according to Section II B 2, one has
∂F
∂Z
= κ
[
Ψ · (I3 − Z ·Ψ)−1 ⊗ (I3 −Ψ · Z)−1 ·Ψ
]
+ Ψ · (I3 − Z ·Ψ)−1 ·Θ · (I3 − Z ·Ψ)−1 ⊗ (I3 −Ψ · Z)−1 ·Ψ
+ Ψ · (I3 − Z ·Ψ)−1 ⊗ (I3 −Ψ · Z)−1 ·Θ · (I3 −Ψ · Z)−1 ·Ψ . (C13)
In particular,
∂F
∂Z
∣∣∣∣
Z=0
= κΨ⊗Ψ + (Ψ ·Θ)⊗Ψ + Ψ⊗ (Θ ·Ψ) . (C14)
Finally, combining Equations C12 and C14 yields the covariance tensor of the nc-mv-Gamma distribution (see Equa-
tion 23):
C = κΨ⊗Ψ + (Ψ ·Θ)⊗Ψ + Ψ⊗ (Θ ·Ψ) . (C15)
This proof is one of the original contributions of the present work.
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